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Department  or  Commerce, 

Office  of  the  Secbetabt, 

Wtukington,  May  6,  1913. 
Sm:  I  have  the  honor  to  transmit  herewith  Part  IH  of  the  Report 
of  the  Acting  Commissioner  of  Corporations  on  the  Steel  Industry. 
This  part  is  the  full  report  dealing  with  the  costs  of  production  of 
iron  and  steel  products  in  the  United  States. 
Very  respectfully, 

William  C.  Redeield, 

Secretary. 
The  Pbesidbnt. 

Dbpabthbnt  of  Cokmebcb, 

BUBBAU  OF  CoRPOBATIONa, 

Washijt^on,  May  6,  191$. 
Sib:  I  have  the  honor  to  transmit  herewith  Part  HI  of  the  Report 
on  the  Steel  Industry  made  to  the  President  under  your  direction 
and  in  accordance  with  the  law  creating  the  Bureau  of  Corporations. 
This  part  is  the  full  report  dealing  with  the  costs  of  production  of 
iron  and  steel  products  in  the  United  States.  A  portion  of  the  infor- 
mation contained  in  this  part  was  published  in  a  preliminary  report 
issued  on  January  22,  1912. 

I  desire  to  mention  as  especially  contributing  to  the  preparation  of 
this  part  of  the  report  Messrs.  Robert  E.  Belt  and  C.  G.  Farwell  of  this 
Bureau. 

Very  respectfully,  Feancih  Walker, 

Acting  Commiaaioner. 
To  Hon.  William  C.  Rbdfibld, 

Secretary  of  Commerce, 
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Defabthbnt  op  Cohheboe, 

Bureau  of  Cobforations, 

WatMngton,  May  6,  WIS. 

Sm:  I  have  the  honor  to  submit  herewith  Fart  III  of  ihe  Report 
of  the  Bureau  of  Corporationa  on  the  Steel  Industry,  which  deals  with 
cost  of  production. 

Some  of  the  esaentiat  facts  of  this  report  were  set  forth  in  a  letter 
of  submittal  and  a  brief  preliminary  report  (Part  II)  by  former  Com- 
missioner of  Corporations  Herbert  Knox  Smith  on  January  22,  1912. 
Hatters  which  were  treated  of  in  the  preliminary  report  are  discussed 
in  more  detail  in  this  report,  and,  moreover,  considerable  additional 
data  are  presented,  particularly  the  producing  costs  of  the  Steel  Cor- 
poration for  certain  important  steel  products,  the  computed  invests 
ment  required  for  their  production,  and  the  significance  of  these  facta 
with  respect  to  the  rates  of  profit  on  investment. 

In  this  connection,  therefore,  it  is  necessary  to  state  in  a  brief  man- 
aer  only  the  general  features  of  this  r^ort  and  to  point  out  especially 
the  charactor  of  the  more  important  additional  facte  presented. 

BOOK  COSTS   AND  NET  COSTS. 

The  statements  of  cost  of  production,  as  shown  by  the  cost  sheets 
of  iron  and  steel  manufacturing  companies,  ordinarily  include  impor- 
tant items  of  profit  accruing  to  the  same  manufacturing  Interests. 
His  arises  from  the  fact  that  the  ore  and  coke  used  in  making  pig 
iron  are  largely  produced  by  aUied  or  subsidiary  companies,  which  sell 
such  materials  to  the  manufacturing  plante  operated  by  the  same 
interests  at  prices  which  ordinarily  include  a  profit,  and  in  the  case  of 
ore  a  very  large  profit. 

FBOFTTS  ntOH  SALE   AND  TBANSPOBTATION   OF  ORE. 

Thus,  for  the  Steel  Corporation  in  1910,  the  intercompany  profit 
on  iron  ore  was  no  less  than  SI. 30  per  ton  out  of  an  average  ore  price 
per  ton  of  $4.18  in  which  there  was,  in  addition  to  the  profit  of  $1.30, 
a  further  considerable  transportation  cost  and  profit.  Owing  to  the 
fact  that  about  2  tons  of  ore  were  required  to  make  a  ton  of  pig  iron, 
this  profit  per  ton  in  ore  involves  a  profit  of  about  S2.48  per  ton  in 
the  cost  of  pig  iron  on  this  account  alone.    For  similar  reasons,  even 
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larger  amounts  of  profit  per  ton  are  included  in  the  costs  of  steel 
products.  Hence,  in  order  to  obtain  the  net  cost  of  manufacture 
for  such  concerns,  it  is  neceasary  to  eliminate  these  intercompany 
profits  from  the  book  costs,  or  costs  shown  on  the  cost  sheets. 

Furthermore,  some  manufacturing  concerns,  and  particularly  the 
Steel  Corporation,  have  subsidiary  companies  engaged  in  the  trans- 
portation of  raw  materials  for  manufacture.  The  costs  of  transpoi^ 
tation,  however,  included  in  the  book  costs  of  these  materials  are 
based  on  the  regular  or  going  rates  of  transportation  chatged  by  the 
transportation  agencies,  and  include  large  amounts  of  intercompany 
transportation  profit.  Thus,  the  profit  of  the  Steel  Corporation  from 
the  transportation  of  its  own  ore  in  1910,  averaged  over  all  it«  ore 
delivered  at  lower  Lake  ports,  was  about  $0.57  per  ton.  This  profit 
mounts  up  to  over  $1.09  per  ton  of  pig  iron. 

Nin*  COSTS   OF  FIQ   IRON. 

The  Bureau,  ther^ore,  in  its  statements  of  costs  of  various  prod- 
ucts, gives  not  only  the  book  costs,  or  costs  shown  by  t^e  coat  iJieete 
of  manufacturing  companies,  but  also  the  net  costs  excluding  such 
intermediate  profits  of  production  and  transportation.  Thus,  from 
certain  average  coats  of  all  companies  which  are  presented,  the 
intercompany  profits  from  the  production  of  raw  materials  are 
excluded,  while  from  the  costs  of  the  Steel  Corporation  the  intei^ 
mediate  profits  from  both  production  and  transportation  are  elimi- 
nated. The  importance  of  such  eliminations  of  intercompany  profit 
are  apparent  from  the  following  comparisons:  Taking  again,  for 
illustration,  the  costs  of  the  Steel  Corporation,  it  appears  directJy 
from  the  records  of  that  company  that  the  average  book  cost  ^ 
Bessemer  pig  iron  in  1910  was  $14.39  per  ton  (induding  an  assumed 
normal  addition  to  furnace  cost  of  $0.50  per  ton  for  general  expense 
and  depreciation),  while  the  net  cost,  excluding  intercompany 
profits  on  materials  and  transportation,  was  only  $10.21.  The  inter- 
company profit  deducted  from  the  book  costs,  th<erefore,  was  no 
less  than  $4.18  per  ton.  If,  however,  only  the  intercompany  profit 
on  materials  is  excluded,  the  Bureau  computes  the  net  costs  as  $11.21 
per  ton,  as  compared  with  the  book  cost  of  $14.39.  The  margin  of 
profit  over  cost  should,  of  course,  be  related  to  a  different  investmrat 
in  each  case. 

NET   COSTS   OP  BAILS. 

Similarly,  for  Bessemer  steel  rails,  the  average  book  cost  of  the 
Steel  Corporation  in  1910  was  $21.63  per  ton  (including  an  assumed 
normal  additaon  to  mill  cost  of  $1.30  for  general  expense  and  depre- 
ciation), while  the  net  cost,  excluding  intercompany  profit  on  mate- 
rials and  transportation,  was  only  $16.67.    ^Deducting  only  intei^ 
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company  profits  from  materials,  the  Bureau  computes  the  net  cost 
at  $17.82  per  ton. 

FBOFTT   ON   ORE   INTE8TUENT. 

The  necessity  of  determining  the  net  costs  is  clear  when  considera- 
tion is  given  to  the  very  high  profits  charged  on  iron  ore  and  on  the 
transportation  of  iron  ore. 

On  the  basis  of  the  Bureau's  estimate  of  the  average  cost  of  ore 
property  at  the  time  of  the  formation  of  the  Steel  Corporation, 
together  with  due  allowance  for  subsequent  investments  of  the  Steel 
Corporation  therein,  the  Avemge  investment  of  the  Steel  Corporation 
iQ  Lake  ore  was  about  $4.47  pee  ton  of  ore  produced  in  1910.  This 
investment  is  computed  on  the  basis  of  a  30-year  supply  in  reserves 
of  ore,  all  additional  investment  in  ore  reserves  being  excluded  from 
consideration.  The  profit  of  $1.30  per  ton  which  was  charged  by 
the  Steel  Corporation  in  1910  was  equivalent,  therefore,  to  a  rate  of 
29  per  cent  on  the  computed  investment  in  ore.  Considering  tkat 
the  Steel  Corporation  owns  or  controls  the  great  bulk  of  the  Lake 
ore  supply;  that  in  consequence  of  the  number  of  its  mines,  its  risk 
of  operating  them  is  reduced  to  a  minimum;  that  it  has  an  assured 
market  for  the  sale  of  its  ore  to  its  own  manufacturing  plants;  and 
that  its  production  of  iron  and  steel  is  so  extensive  and  diversified, 
and  so  widely  sold  throughout  the  world,  that  a  very  large  output 
is  always  practicable,  it  is  evident  that  the  risk  of  this  business  is 
comparatively  small,  and  that  the  profit  is  excessively  h^h. 

PROFITS    OF    ORB    RAILROADS. 

Similar  conditions  are  found  with  regard  to  the  profits  from  the 
transportation  of  ore.  This  appears  at  once  when  the  extremely  low 
ratios  of  operating  expense  to  gross  earnings  of  the  Steel  Corpora- 
tion's two  railroads  in  the  Lake  ore  mining  district  in  1910  are  stated, 
namely,  30  per  cent  for  the  Duluth,  Missabe  &  Northern  BaUway,  and 
36.5  per  cent  for  the  Duluth  &  Iron  Range  BaUroad.  The  average 
ratio  for  all  the  railroads  of  the  country  in  1910  was  66  per  cent.  The 
business  of  these  two  raihx)adB  is  almost  entirely  in  the  carriage  of 
ore,  and,  for  the  most  part,  there  is  no  existing  or  potential  compe- 
tition therein. 

The  situation  of  these  railroads  as  respects  investment  and  profit 
from  operations  is  such  that  the  rate  of  profit  from  the  ore  traffic  on 
the  investment  fairly  attributable  to  the  ore  transportation  business 
may  be  safely  taken  as  not  less  than  the  rate  of  the  total  profit  on 
the  total  investment.  Moreover,  in  computing  the  total  net  earnings, 
these  railroads  admittedly  made  a  little  more  than  a  necessary  pro- 
vision in  1910  for  depreciation  of  the  propOTty  on  account  of  the 
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ultimate  exhaustion  of  the  ore  deposits  from  which  thor  traffic  is 
chiefly  derived.  On  the  basis  of  ihe  total  iuvestment  (including  net 
working  capital),  and  the  total  net  earnings  reported  by  theae  two 
rubMads,  the  rates  of  profit  in  1910  were,  for  the  Duluth,  Missabe  & 
Northern  Railway,  about  23  per  cent,  and  for  the  Duluth  &  Iron 
Range  Railroad,  about  17)  per  cent.  Such  high  rates  of  profit  from 
a  busiueea  which  is  monopolistic  in  character,  and  also  affected  by  a 
public  use  (common  carrier),  are  obviously  excessive.  It  should  be 
noted,  however,  that  the  extraordinarily  high  transportation  rates 
on  ore  from  which  these  profits  were  derived  were  considerably 
reduced  by  the  Steel  Corporation  in  19 11 ,  shortly  after  the  pubUoation 
of  the  first  part  of  the  Bureau's  Report  on  the  Steel  Industry. 

KELATION  OF  INVESTMENT  TO  NET   COSTS. 

It  is  evident,  therefore,  that  in  order  to  compare  costs  with  piicea 
for  the  purpose  of  determining  whether  the  margin  of  profit  is  reason- 
able or  unreasonable,  it  is  necessary  to  obtain  the  net  costs  of  pro- 
duction, excluding  these  intercompany  profits  from  materials  and 
transportation.  On  the  other  hand,  it  is  equally  evident  that  when 
such  net  coats  are  used  in  determining  the  margin  of  profit,  due 
account  must  be  taken  of  the  total  investment  employed,  i.  e.,  not 
only  in  the  inmiediate  manufacturing  process^  for  which  costs  are 
stated,  respectively,  but  also  for  the  anterior  processes  of  manu- 
facture, production  and  transportation,  in  so  far  as  they  are  related 
to  the  cost  of  the  product  in  question. 

Thus,  if  the  net  cost  of  Bessemer  raite  of  the  Steel  Corporation  in 
1910,  namely,  $16.67  per  ton,  is  compared  with  the  average  selling 
price,  namely,  $27.45,  the  profit  margin  of  $10.78  resultii^  therefrom 
must  be  compared  with  the  investment,  not  only  in  rail  mills,  but 
also  in  the  steel  works,  blast  furnaces,  ore  and  coal  mines,  coke  ovens, 
and  transportation  fadhties  which  were  required  to  produce  rails 
at  such  a  low  cost. 

Such  a  computation  is,  from  the  nature  of  the  case,  elxceedin^y 
complex,  and  however  carefiiUy  made,  the  results  obtained  must  be 
regarded  as  approximate.  In  making  such  calculations,  the  Bureau 
has  been  careful  not  to  understate  the  investment  made,  and  con- 
sequently it  is  believed  that  the  computed  rates  of  profit  are  not 
overstated. 

PROFITS  ON   INVESTMENT  FOR  BAILS   AND   PLATES. 

Some  illustrations  of  the  rates  of  profit  on  investment  are  as  follows: 
For  Bessemer  steel  rails  the  net  cost  of  the  Steel  Corporation  in  1910 
was  916.67  per  ton,  including  certain  estimated  additional  costs,  as 
stated  above;  the  average  selling  price  was  $27.45,  giving  a  profit 
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maifim  of  tlO.78.  The  inTestment  in  raw  materials,  transportatioD 
facilitiee,  manufacturing  plants,  and  net  working  capital  required  for 
the  production  of  raib  was  about  $65  per  ton  of  product,  according 
to  tiie  computations  of  the  Bureau.  This  indicates  a  rate  of  profit 
on  investment  of  16}  per  cent  on  rails.  On  a  similar  basis,  the 
Bureau's  computations  indicate  for  plates  a  rate  of  profit  in  1910  of 
10}  per  cent  on  the  inTestment.  These  different  rates  of  profit  illus- 
trate furthermore  certain  differences  in  price-making  conditions, 
which  were  somewhat  competitive  for  plates  in  1910,  while  noto- 
riously noncompetitive  for  rails. 

PBBIODS   OOVEBEH)  BT  COST  STATEMENTS. 

The  chief  statements  of  cost  comprised  in  the  full  report  include, 
first,  average  costs  of  a  great  variety  of  iron  and  steel  products  for 
nearly  all  the  manufacturing  companies  for  the  five-year  period  1902 
to  1906,  and  second,  the  costs  of  the  Steel  Corporation  in  1910  for  a 
considerable  number  of  such  products.  Owing  to  the  elaborate  char- 
acter of  the  first  statement  and  the  great  labor  involved  in  making 
it  up,  it  was  impracticable  to  bring  it  down  to  a  recent  date.  Never- 
theless, by  means  of  comparisons  of  average  ct^ts  of  production  of 
raw  materials  for  a  lai^  part  of  the  total  industry,  and  of  typical 
plant  costs  for  the  manufacturing  processes  themselves  (coats  above 
material),  it  is  made  clear  that  there  has  been  very  little  variation 
in  the  costs  of  heavy  steel  products  in  recent  years  as  compared  with 
1902  to  1906. 

COST  VASIATIONS  BT  LOOAUTIES   AlfD  PLAltTS. 

For  the  period  1902  to  1906  the  average  costs  are  shown  for  certain 
products  by  districts.  This  comparison  shows,  for  example,  a 
decided  advantage  in  the  cost  of  assembling  materials  for  the  plants 
located  on  the  shores  of  Lake  Erie,  as  compared  with  those  located 
in  the  Pittsburgh  district,  under  the  prevailing  railroad  rates  on  ore 
from  Lake  Erie  porta  to  Fittabui^h. 

For  these  same  cost  statementa,  comparisons  are  also  made  between 
the  net  costs  (but  without  deduction  of  transportation  profits)  of 
laige  companies  and  small  companies,  which  indicate  a  decided 
advantage  in  favor  of  the  former.  Thus,  for  Bessemer  pig  iron  the 
net  cost  (including  an  assumed  normal  addition  to  furnace  cost  of 
S0.50)  averaged  S11.61  per  ton  for  the  lai^  companies  and  $14.62 
for  the  small  companies.  This  difference  was  due  in  part  to  the  more 
complete  integration  of  the  lal^  companies. 

Again,  for  the  costs  of  the  Steel  Corporation  in  1910,  the  variations 
in  costs  for  certain  products  are  shown  for  individual  plants  (witiiout 
dieclosing  their  identity)  which  makes  clear  the  wide  variation  in 
individual  plant  coats.     Thus,  for  the  net  costs  of  the  Steel  Corpora^ 
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tion  in  1910,  the  cost  of  Bessemer  pig  iron  ranged  from  $9.20  to 
$13.47  per  ton  (including  an  assumed  normal  addition  to  furnace  coat 
of  S0.50  as  before).  These  data  are  also  combined  in  vaiioua  groups, 
namely,  by  districts,  by  ranges  in  cost,  and  by  volume  of  produetion. 
These  comparisons  tend  to  show  the  variations  in  efficiency  accord- 
ing to  districts  and  to  other  particular  circumstances,  and  to  indi- 
cate some  of  the  causes  of  such  variations. 

The  facte  presented  in  this  report,  therefore,  are  obviously  of  great 
value  with  regard  to  various  large  questions  of  puUic  policy  and 
national  welfare,  such  as  reasonableness  of  prices,  industrial  efficiency, 
ownership  and  control  of  natural  resources,  relations  of  conomon  car- 
riers to  manufacturing  enterprises,  and  tarifE  legislation. 
Very  respectfully, 

Fbanois  Walkzib, 
Acting  Commiagtoner  of  Gorporatityna. 

-'Die  I^SIDENT. 
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REPORT  OF  THE  COMMISSIONER  OF  CORPORATIONS 
ON  THE  STEEL  INDUSTRY. 


Part  in.-COST  OF  PRODUCTION  (FULL  REPORT). 


CHAPTER  I. 

nrTBOBtrcTiov  Aim  stthxast. 

Section  1.  Cost  problem  in  genantl. 

Cost  of  production  is  obviously  of  great  interest  in  connection 
with  industries  which,  like  the  steel  industry,  enjoy  the  benefit  of 
protective  tariff  duties.  It  is  also  important  in  connection  with 
profits,  particularly  with  respect  to  the  profits  made  in  the  several 
branches;  that  is,  ore,  pig  iron,  and  various  products  of  steel.  This 
matter  is  of  special  significance  because  the  steel  industry  is  based 
on  a  natural  resource,  the  control  of  which  is  characterized  by  certain 
monopolistic  features. 

As  the  various  iron  and  steel  making  enterprises  differ  in  their 
control  of  natural  resources,  their  costs  and  profits  likewise  naturally 
show  large  differences.  A  concern  which  enjoys  very  large  profits 
in  a  prior  stage  of  the  business  which  are  not  enjoyed  by  a  com- 
petitor, even  though  their  subsequent  costs  for  similar  products  are 
substantially  equal,  is  able  to  put  such  a  competitor  at  a  great 
disadvantage. 

The  book  costs  of  various  iron  and  steel  products  and  of  the 
several  raw  materials  differ  widely  for  different  concerns,  not  only 
on  account  of  the  ordinary  variations  in  good  fortune  or  skill  in 
management,  advantages  in  location,  investment,  etc.,  but  also 
particularly  because  of  the  following  two  factors:  (1)  Differences  in 
scope  of  operations  or  d^ree  of  integration;  (2)  differences  in  legal 
orgMiizf,  jion  and  accounting  practice. 

DiFPBBEHOEB  IN  BOOPB  OF  OPERATIONS  OB  INTBOHATIOK. — ^The  dif- 
ference in  scope  of  operations  of  different  concerns  is  a  fundamental 
fact  which  affects  the  net  or  real  coat  of  production.  Some  concerns 
are  highly  "integrated";  that  is,  their  operations  cover  the  pro- 
ducUon  (and  sometimes  even  transportation)  of  the  raw  materials,  and 
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succeeding  st&ges  of  manufacture  of  crude  and  finished  products. 
Oth«r  coQcems  are  not  integrated  at  all,  or  only  to  a  comparatively 
small  degree.  Such  concerns  must,  therefore,  purchase  raw  mate- 
rials— as,  for  example,  ore  and  coke  for  making  pig  iron — ^from  other 
producers  at  prices  which  are  considerably  higher  than  the  cost  of 
producing  them.  Other  things  being  equal,  t^e  integrated  enterprise 
has,  therefore,  a  lower  cost  of  production  tlian  the  nonintegrated 
enterprise.  On  the  other  hand,  it  has  also,  of  course,  a  larger 
investment. 

It  is  absolutely  essential  to  keep  this  investment  factor  clearly 
in  mind  in  any  study  of  costs.  Costs  and  prices  by  themselves  afford 
no  criterion  whatsoever  for  judging  profits  unless  the  extent  of  the 
investment  is  also  taken  into  consideration;  that  is,  if  a  company  is 
highly  integrated  so  that  its  business  extends  over  a  large  number 
of  steps  in  the  production  of  iron  and  steel,  its  profits  must  also 
extend  over  all  its  investment  in  those  various  processes,  and  should 
be  commensurate  with  such  investment. 

Investment  has  an  important  relation  to  cost  and  to  marg^  of 
profit  in  another  way,  namely,  where  the  costs  of  two  concerns  for  a 
given  product  stand  on  the  same  basis  with  respect  to  the  degree  of 
integration  of  the  enterprise,  but  where  one  concern  has  invested 
in  plant  and  equipment  a  much  greater  amount  of  capital  than 
another  concern  of  equal  capacity  with  a  view  to  reducing  its  opeiv 
ating  costs,  as,  for  instance,  by  the  introduction  of  labor-saving 
devices.  In  this  case  also  the  margin  between  total  costs  and  total 
sales  tends  to  be  larger,  and  must  necessarily  be  larger,  in  order  to 
afford  an  equal  rate  of  return  on  the  increased  investment.  While 
the  total  amount  of  the  margin  should  be  larger  in  this  case,  it  does 
not  follow  that  the  margin  per  ton  should  be  higher,  because  the 
increased  investment  may  facilitate  such  an  increase  in  output 
that  the  same  or  even  a  lower  margin  per  ton  may  afford  an  equally 
large  return  on  the  investment. 

DrPFBBBNCBS    IN    LEGAL    OBQANKATION    AND    ACCOTTHTINO    PEAO- 

TIOE. — ^The  legal  organization  of  enterprises  often  has  animportant 
effect  on  the  book  costs  of  production,  particularly  if  such  enterprises 
are  highly  integrated.  Concerns  which  embrace  mining  operations, 
transportation,  and  manufacturing  frequently  organize  separate 
companies  for  these  different  branches.  Sometimes  the  laws  require 
such  a  separation  in  l^al  organization,  as,  for  example,  for  railroads 
and  certain  mining  enterprises.  Under  such  conditions  it  ia  usually 
the  case  that  the  products  or  services  are  sold  by  one  subsidiary 
company  to  another  subsidiary  company  at  prevailing  market 
prices,  or  at  arbitrary  "transfer"  prices,  which  ordinarily  include 
a  profit  over  and  above  the  actual  cost  to  the  former  concern.  Hence, 
from  the  standpoint  of  the  accounts  of  the  subsidiary  company,  it  is, 
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of  course,  Dec«BSBiy  to  include  the  prices  thua  paid  by  it  in  its  cost  ao- 
counta,  which,  when  correctly  kept,  are  an  integral  part  of  the  profit 
and  loss  accounts.  If  these  several  branches  of  the  concern  were  put 
under  the  direct  operation  of  one  company  there  would  be  no  necessity 
forchai^;ing  market  prices  instead  of  actual  costs.  Nevertheless,  this 
is  sometimes  done.  For  example,  a  company  making  pig  iron, 
crude  steel,  and  finished  steel  products  may  transfer  its  pig  iron  from 
its  blast  furnaces  to  its  steel-making  department  at  a  price  which 
includes  a  profit,  just  as  though  it  were  seUing  such  pig  iron  to  some 
outside  interest.  While,  of  coiuse,  this  increases  the  book  cost  of 
making  steel  on  the  cost  accounts  of  the  steel  department,  obviously 
it  does  not  increase  the  real  cost  to  the  company  as  a  whole. 

The  costs  as  kept  by  the  various  subsidiaries  of  an  integrated  or- 
ganization  may,  for  convenience,  be  referred  to  as  "book  coats"  as 
distinguished  from  "net"  or  "integration"  costs,  from  which  the 
intermediate  or  so-called  "intercompany"  profits  have  been  elimi- 
nated. In  so  far  as  the  costs  include  intercompany  profits  as  a  result 
of  the  legal  organization  of  a  given  concern,  or  group  of  produc- 
tive activities  which  belong  to  a  single  private  interest  or  group,  or 
as  a  result  of  merely  technical  methods  of  cost  accounting,  they  are, 
when  taken  alone,  of  limited  value,  and  the  elimination  of  such  profits 
shows  what  the  costs  are  for  a  given  enterprise  as  a  whole,  and  this 
is  much  more  significant.  In  fact,  this  is  the  only  satisfactory  way 
of  reaching  a  real  or  significant  cost  in  the  steel  industry  as  it  now 
exists.  Obviously,  costs  which  are  affected  by  legal  or  arbitrary 
divisions  of  the  business  are  likely  to  be  more  or  less  artificial. 

SectioB  2.  Signifloanoe  of  iavestment. 

In  wliatever  form  the  costs  of  a  concern  are  stated,  the  significance 
of  the  coats  and  of  the  mai^ins  between  costs  and  seUing  prices 
can  not  be  fully  appreciated  without  taking  into  account  the  invest- 
ment in  plant  and  other  capital  utilized  in  that  part  of  the  produc- 
tion for  which  the  cost  is  stated.  Thus,  in  the  case  of  a  concern 
comprising  in  a  single  company  organization  ore  and  coal  mines, 
coke  works,  and  blast  furnaces,  the  cost  accounts  for  pig  iron  may  rep- 
resent the  net  cost  without  any  allowance  for  profit  on  the  ore,  coal, 
or  coke.  Therefore,  the  margin  between  such  cost  and  the  selling 
price  of  pig  iron  would  constitute  the  return  on  the  investment,  not 
only  in  the  blast  furnaces,  but  also  in  the  ore  and  coal  mines  and 
coke  works.  On  the  other  hand,  in  the  case  of  an  enterprise  having 
separate  companies  for  each  of  these  stages  of  production,  the  margin  . 
between  its  book  cost  and  the  selling  price  of  pig  iron  would  state 
the  return  on  the  investment  for  blast  furnaces  only,  because  the 
blast-furnace  company  would  take  over  the  ore,  coal,  and  coke  at 
prices  that  would  pay  a  profit  to  the  ore,  coal,  and  coke  companies. 
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Assuming  that  in  each  instance  the  technical  conditions  are  similnr, 
and  that  the  operations  are  conducted  with  equal  efficiency,  it  is 
obvious  that  there  should  be  a  lai^er  mai^n  in  the  first  instance 
than  in  the  second. 

If  these  intermediate  profits  were  known  to  represent  simply  a  fair 
retum  on  the  investment,  there  would  be  perhaps  no  necessity  for 
eliminating  them  (except  for  the  reason  that  not  all  companies  have 
their  costs  computed  on  the  same  basis).  The  conditions  of  competi- 
tion, particularly  with  respect  to  the  exploitation  of  natural  resources 
and  the  control  thereof,  might  conceivably  be  such  that  it  could  be 
safely  assumed  that  the  profits  were  reasonable. 

As  a  matter  of  fact,  however,  the  profits  in  certain  branchee  of  the 
business,  notably  in  the  production  of  Lake  ore,  are  regarded  by  the 
Bureau  as  unreasonably  high.  This  is  largely  due  to  the  monopo- 
listic control  of  production  and  to  price  understandings  among  pro- 
ducers. Hence  the  only  satisfactory  way  to  present  the  costs  of  pig 
iron  and  products  made  therefrom  is  to  eUminate  any  profit  on  ore 
which  enters  therein,  and  then  to  compare  the  margin  of  profit  based 
on  this  net  cost  with  the  investment  on  which  this  profit  is  earned. 

Section  3.  Scope  of  report. 

The  Bureau  made  a  comprehensive  investigation  into  the  costs  of 
raw  materials  and  finished  products  of  the  iron  and  steel  industry 
in  the  United  States  on  the  basis  of  the  cost  accounts,  the  results  of 
which  are  presented  in  this  report.  The  cost  sheets  and  other  state- 
ments relating  thereto,  which  were  furnished  by  the  concerns  whose 
costs  are  discussed  in  this  report,  were  generally  verified  by  an  ex- 
amination of  their  books  of  account. 

It  is  evident  that  the  problem  of  cost  of  production  and  profit  on 
investment  by  products  embraces  three  stages  of  discussion :  (1)  Book 
costs,  i.  e.,  the  costs  as  shown  by  the  accounts  of  the  companies; 
(2)  net  costs,  i.  e.,  the  costs  after  the  elimination  of  intermediate 
profits;  and  (3)  rate  of  profit  by  products,  i.  e,,  the  ratio  of  the  mai^in 
between  costs  and  prices  to  the  investment. 

The  principal  data  as  to  cost  and  rate  of  profit  on  investment 
obtained  by  the  Bureau,  which  are  presented  in  this  report,  are  as 
follows : 

(1)  Statements  of  book  costs  for  the  five-year  period,  1902  to  1906, 
relating  to  a  very  large  proportion  of  the  total  production  of  the 
United  States  for  the  chief  raw  materials  and  products  of  the  iron  and 
steel  industry. 

These  give  a  broad  view  of  the  coats  in  the  indiistry  as  a  whole  over 
a  considerable  period  of  time.  On  account  of  their  elaborate  charac- 
ter it  was  impracticable  to  bring  them  down  to  date.  They  analyze 
the  hook  costs,  i.  e.,  the  costs  as  given  on  the  books  of  account. 
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(2)  Statements  of  net  costs  for  the  five-year  period,  1902  to  1906, 
for  the  chief  raw  materials  and  for  certain  iron  and  steel  products. 

The;  show  certain  of  the  costs  covered  by  the  preceding  statement, 
after  the  deduction  of  intermediate  'transfer  profits  (but  not  inter- 
mediate transportation  profits)  with  respect  to  raw  materials,  for  the 
following  products:  Bessemer  pig  iron,  Bessemer  ingots,  lai^e  Besse-i 
mer  billets,  and  Bessemer  rails.  They  also  distinguish  the  costs  of 
the  larger  and  well-integrated  companies  (for  which  such  ellmiua- 
tions  are  important)  from  the  costs  of  the  smaller  companies. 

(3)  Statements  comparing  the  average  costs  for  the  five-year 
period,  1902  to  1906,  with  those  for  1910  for  certain  iron  and  steel 
products  at  a  number  of  important  and  typical  plants.  For  ore  and 
coke  the  1902  to  1906  costs  for  a  large  part  of  the  total  production  are 
compared  with  those  for  the  years  1907  to  1910,  inclusive. 

They  show  the  relative  position  of  coats  as  between  the  five-year 
period,  1902  to  1906,  and  the  year  1910.  Although  not  represent- 
ative of  the  average  costs  for  the  industry  as  a  whole,  they  afford  a 
fair  basis  for  determining  whether  there  were  any  essential  changes 
in  the  conditions  of  production  in  1910  which  would  affect  the  rep- 
resentative character  of  the  average  costs  for  1902  to  1906  given  in 
the  first  statement.  The  costs  are  showu  as  given  on  the  books  of 
account  without  the  elimination  of  intermediate  profits,  but  the 
comparisons  are  made  on  the  basis  of  the  variations  in  the  costs  of 
raw  materials  and  in  the  coata  above  material  for  the  manufactured 
products.  The  term  "cost  above  material"  is  a  technical  term  for 
all  the  operating  costs  except  those  for  the  raw  material  used  in  the 
process  in  question. 

(4)  Statements  showing  the  movement  of  costs  for  the  ten-year 
period,  1901  to  1910,  for  the  chief  raw  materials  and  for  certain  iron 
and  steel  products  at  a  number  of  important  and  typical  plants. 

These  costs  are  typical  net  costs,  computed  by  tile  Bureau,  based 
on  extensive  data  as  to  the  cost  of  ore  and  coke,  but  on  data  for 
selected  plants  only  for  the  costs  above  material.  They  are  intended 
to  show  simply  the  typical  variations  in  costs  from  year  to  year. 

(5)  Statements  of  costs  of  the  United  States  Steel  Corporation, 
hereinafter  called  the  Steel  Corporation,  in  1910  for  the  chief  raw 
materials  and  for  certain  iron  and  steel  products. 

They  show  the  position  of  the  Steel  Corporation  in  1910  with 
respect  to  costs  of  production.  Costs  of  this  company  are  given 
as  shown  by  the  books  of  account  and  also  after  the  elimination 
of  intercompany  profits  as  shown  by  the  records  of  the  Steel  Cor- 
poration. In  this  case  the  cost  is  shown  after  the  elimination  of  both 
transportation  and  transfer  profits  on  materials,  and  also  for  certain 
products  after  the  elimination  of  transfer  pn^ts  only.  Thecosts  of  the 
Steel  Corporation  are  the  only  ones  given  for  an  individual  company, 
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and  this  distinction  is  made  simply  on  account  of  its  imiqae  position 
in  the  industry,  particularly  with  respect  to  supply  of  raw  materials 
and  the  facilities  for  transporting  them. 

(6)  Statements  showing  the  rates  of  profit  on  investment,  by  pro:i- 
ucts,  for  integrated  manufacturing  companies  for  the  five-year 
period,  1902  to  1906,  with  respect  to  ore,  pig  iron,  bHIets,  and  rails; 
also  similar  statements  for  the  Steel  Corporation  in  1910,  including 
investment  in  transportation,  for  ore,  pig  iron,  billets,  rails,  plates, 
and  structural  shapes. 

They  show,  first,  for  the  five-year  period,  1902  to  1906,  the  ratea 
of  profit  on  estimated  investment  in  raw  materials,  plants,  and 
working  capital  necessary  for  the  production  of  ore,  Bessemer  pig 
iron,  lai^e  Bessemer  billets,  and  Bessemer  rails,  based  on  net  costs 
and  actual  margins  of  profit.  Similarly  for  the  Steel  Corporation  in 
1910,  the  estimated  investments  in  raw  materials,  plants,  and  work- 
ing capital,  are  compared  with  the  actual  margins  of  profit.  This 
comparison  is  made  including  transportation  investment  and  profit, 
the  margin  between  net  cost  and  price  being  compared  with  the 
corresponding  investment. 

The  Bureau  also  attempted  to  get  costs  of  manufacture  in  the 
chief  foreign  producing  countries,  but  while  much  information 
of  a  general  character  was  obtained  relating  to  the  subject,  it  was 
found  impossible  to  obtain  any  comprehensive  information  aa  to 
the  costs  as  shown  directly  on  the  books  of  account. 

Section  4.  Summary  of  reanlta. 
Tte  salient  points  brought  out  by  this  investigation  of  costs  are: 

(1)  That  cost  statements  for  iron  and  steel  products  vary  greatly 
on  account  of  differences  in  scope  of  operations,  in  legal  organization, 
and  in  accounting  practice  of  different  companies.  Therefore  the 
statement  and  use  of  such  cost  data  require  the  most  careful  discrimi- 
nation. 

(2)  That  the  "book  costs"  of  highly  integrated  concerns  (i.  e., 
those  which  link  up  under  one  control  successive  st^;ea  of  production 
of  materials  and  finished  commodities)  are  generally  not  net  costs, 
because  they  include  large  items  of  intermediate  profits.  These 
profits  occur  as  the  materials  pass  from  one  stage  of  production  to 
another,  because  these  materials  are  transferred  from  one  department 
or  subsidiary  to  another  at  market  prices  or  at  arbitrary  "transfer 
prices,"  instead  of  at  cost, 

(3)  That  the  average  costs  for  companies  having  a  very  large  pro- 
portion of  the  total  production  in  the  United  States  for  the  five-year 
period,  1902  to  1906,  differed  greatly  according  as  such  intermediate 
profite  were  included  or  excluded.    For  example: 
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Steel  CMponllan,  ta  taplaiuea  later  (see  p.  323). 
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The  above  costs  include  assumed  Dormal  allowance  for  general  ex- 
pense and  depreciation.     (See  Table  113,  p.  320.) 

(4)  That  if  all  of  these  companies  are  divided  into  two  groups — 
large  companies  which  were  all  highly  integrated  aad  small  companies 
which  generally  were  not  well  integrated — the  average  coats  of  the 
two  groups  differ  decidedly.  These  differences  are  more  marked 
when  intermediate  profits  axe  excluded.     For  example: 
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The  above  costs  include  assumed  normal  allowances  for  general 
expense  and  depreciation  (see  Table  113,  p.  320). 

The  differences  between  the  two  groups  were,  ot  course,  largely  due 
to  the  fact  that  the  greater  the  number  of  steps  in  production  con- 
trolled by  one  concern,  the  greater  were  the  intermediate  profits  going 
to  that  concern,  instead  of  to  outsiders.  Accordingly,  when  inter- 
mediate profits  were  excluded,  the  net  costs  for  integrated  concerns 
were  less  than  for  those  not  so  highly  integrated.  It  should  be  ob- 
served that  the  above  cost  figures  show  costs  excluding  only  trans- 
fer profits  on  materials,  and  not  excluding  transportation  profits. 
Such  transportation  profits  were  earned  by  certain  lai^e  companies, 
and,  above  all,  by  the  Steel  Corporation. 
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(5)  That  while  hi@^y  integrated  concerns  hare  a  lower  net  cost 
than  noniutegrated  concerns,  and,  therefore,  a  higher  margin  of  profit 
hetween  costs  and  prit^es,  yet,  on  the  other  hand,  being  so  integrated, 
they  have  a  larger  investment  to  be  covered  by  this  margin  of  profit 
over  net  costs. 

(6)  That  the  net  coats  for  this  period  (1902  to  1906,  inclusive)  are 
substantially  representative  of  present  conditions.  This  is  aliomi 
by  a  comparison  of  these  costs  of  ore  and  coke  for  a  large  proportion 
of  the  total  business  with  those  for  more  recent  years,  and  by  a  simi- 
lar comparison  with  the  costs  above  material  for  selected  plants  for 
a  Dumber  of  important  iron  and  steel  products  in  1910. 

(7)  That  while  the  market  price  quotations  have  shown  ^ide 
fluctuations  in  recent  years,  the  variations  in  the  cost  of  production 
of  raw  materials  and  of  some  of  the  chief  iron  and  steel  products  have 
been  comparatively  small;  the  costs  of  raw  materials  have  shown 
distinct  increases,  hut  this  has  been  partly  offeet,  and  sometimes 
more  than  offset,  by  decreased  costs  in  the  processes  of  manufacture. 

(8)  That  the  Steel  Corporation  has  a  special  advantage  in  cost  of 
production  on  account  of  its  more  complete  integration,  particularly 
in  producing  all  the  ore  and  coke  it  uses,  and  in  having  railroads  for 
ore  transportation,  which  branches  of  its  business  yield  lai^  profits. 
The  costs  of  the  Steel  Corporation  are  especially  reduced  if  all  these 
intermediate  profits  are  excluded,  as  is  shown  by  the  following  data 
for  1910: 
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The  above  costs  include  assumed  normal  allowances  for  general 
expense  and  depreciation.     (See  pp.  373-374). 

In  considering  these  integration  costs  of  the  Steel  Corporation  the 
much  more  extensive  and  diversified  investment  (^  tiiat  coii^)aiiy 
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should  be  taken  account  of.    The  importance  of  this  inTestmeDt 
factor  is  clearly  brought  out  in  this  report. 

(9)  "Hiat  the  costs  of  the  Steel  Corporation,  even  ^en  transpor- 
tation profits  ar«  not  deducted,  were  exceptionally  low,  as  is  shown 
by  the  following  data  for  1910: 
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The  above  costs  include  assumed  normal  allowancea  for  general 
expense  and  depreciation.     (See  pp.  373-374.) 

The  foregoing  integration  costs  of  the  Steel  Corporation,  disre- 
garding  profits  earned  by  its  transportation  ^;enciea,  if  compared 
with  the  costs  of  all  large  companies,  exclusive  of  transfer  profits  on 
materials  (see  p.  320),  indicate  that  the  Steel  Corporation  has,  for 
some  products,  a  marked  advantage  in  respect  to  net  cost,  even  when 
the  profit  from  transportation  facilities  is  disregarded.  Here  again, 
however,  account  must  be  taken  of  the  fact  that  the  Steel  Corpo- 
ration has  a  more  comprehensive  and  diversified  investment.  In 
this  connection  it  should  be  understood  that  the  average  net  costs 
for  lai^e  companies  just  referred  to  include  the  Sted  Corporation 
costs  for  that  period,  and  are  lower  than  they  would  be  if  its  costs 
were  excluded. 

(10)  That  the  average  costs  of  production  of  pig  iron  vary  con- 
siderably for  different  districts ;  thus,  for  the  Steel  Corporation  in 
1910  the  average  total  cost  of  Bessemer  pig  iron,  exduding  inter- 
mediate transfer  and  transportation  profits,  was  $9.33  for  the  Liake 
Erie  district,  $9.65  for  the  Chic^o  district,  $10.35  for  the  Valley 
district,  $10.77  for  the  Wh^hng  district  and  $10.69  for  the  Pittsburgh 
district.  The  above  coats  include  assumed  normal  allowances  for 
general  expense  and  depreciation  of  $0.50  per  ton. 

(11)  That  tJie  costs  of  production  vary  widely  between  different 
plants;  tiiuB  for  the  Steel  Corporation  in  1910  the  net  costs  of  Besse- 
mer pig  iron  (including  an  assumed  normal  allowance  of  $0.50  per 
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ton  for  general  expense  and  depreciation)  ranged  for  different  plants 
from  $9.20  to  J13.47  per  ton. 

(12)  That  the  prices  of  Lake  ore  have  been  k«pt  for  many  yvare  at 
an  unreasonably  higii  level,  compared  with  the  cost  of  production 
and  the  real  investment  in  producing  ore.  For  the  period  1902  to 
1906  the  Bureau  estimates  that  the  pro&ts  of  a  large  proportion  of 
the  ore-mining  companies  in  the  Lake  region  ranged  horn  12  to  18 
per  cent  on  the  average.  For  the  Steel  Corporation  in  1910,  the 
book  profit  of  the  ore  companies  on  the  estimated  investment  of  the 
Steel  Corporation  in-  the  Lake  ore  mining  business,  allowing  a  30- 
year  ore  supply  only,  is  computed  by  the  Bureau  at  29  per  cent. 

(13)  That  this  policy  in  regard  to  ore  prices  has  two  important 
results.  For  companies  selling  ore,  it  tends  to  make  remunerative 
the  investment  in  vast  ore  reserves  which  are  not  at  present  uti- 
lized, and  to  enhance  unduly  the  value  of  such  properties.  It  also 
tends  to  make  the  cost  of  iron  ore  excessively  high  to  companies 
which  must  purchase  it  in  the  open  market,  and  thus  to  handicap 
them  as  competitors  in  the  production  of  pig  iron  or  steel  products 
made  therefrom. 

(14)  That  integrated  concerns  transferring  such  ore  to  iike  pig- 
iron  producing  departments  of  the  business  at  such  high  prices 
necessarily  show  an  unduly  high  book  cost  for  pig  iron  and  for  various 
steel  products  made  therefrom. 

(16)  That  the  Steel  Corporation  made  excessive  profits  from  the 
transportation  of  ore  on  its  ore  roads,  as  compared  with  its  invest- 
ment therein.  Thus,  for  the  five-year  period,  1902  to  1906,  its 
average  profits  on  investment  for  the  two  roads  in  the  Lake  ore  region, 
namely,  the  Buluth  &  Iron  Kange  Railroad  and  the  Duluth,  Missabe 
&  Northern  Railway,  were  about  17J  and  22  per  cent,  respectively, 
while  for  1910  the  rates  of  profit  on  these  two  roads  were  about  17} 
and  23  per  cent,  respectively. 

(16)  That  the  rates  of  profit  on  the  investment  in  raw  materials, 
manufacturing  plants,  and  working  capital  required  for  the  produc- 
tion of  pig  iron  and  heavy  steel  products  were  highly  remunerative 
in  the  five-year  period,  1902  to  1906.  For  example,  the  Bureau 
estimates  the  profits  for  the  large  integrated  companies  at  from  9) 
to  13  per  cent  on  Bessemer  pig  iron,  from  9  to  13  per  cent  on  lai^e 
Bessemer  billets,  and  from  Hi  to  16  per  cent  on  Bessemer  steel  rails. 

(17)  That  the  margins  of  profit  between  total  net  costs  and  average 
proceeds  per  ton  for  the  Steel  Corporation  in  1910  were  $7.95  for 
large  Bessemer  billets,  $10.78  for  Bessemer  rails,  $8.71  for  plates,  and 
$9.46  for  structural  shapes,  giving  a  return  on  the  estimated  invest- 
ment of  15  per  cent  forlaige  Bessemer  billets,  16i  per  cent  for  Besse- 
mer rails,  lOi  per  cent  for  open-hearth  plates,  and  12  per  cent  for 
structural  shapes. 
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CHAPTER  n. 

HmwSVCTIOH  to  book  costs,  190£-1906. 

Section  1.  PropoTtion  of  iron  and  tteel  mdoBtrr  covered  by  eoit  <Uti, 
1802-1906. 

For  the  period  1902  to  1906  the  Bureau  made  a  comprehensive 
investigation  of  the  costs  of  steel  products  and  of  the  pig  inm  and 
raw  materials  for  making  pig  iron  which  were  used  in  the  production 
of  steel.'  The  cost  data  for  this  period  cover,  with  few  exceptions, 
from  70  to  90  per  cent,  or  more,  of  the  total  United  States  production 
of  the  respective  products  discussed,  as  shown  on  the  f cdlowing  page : 
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Tabu  l.-COHPARIBON  OP  TONNAOSB  OF  PRODCCTIOK  OT  arSOOOD  BAW  1U.TB. 
RULS  AND  PRODUCTS  COVERED  BY  THE  COST  BTATBUXNTS,  WITH  TOTAL  TON- 
NAQES  PfiODUCEI)  IN  THE  UNITED  STATES,  1 
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QuauUtr  oI  glrdei  rails,  whils  that  covered  b;  a«t  atatemeots  of  the  BnTesu  Inohidn  no  girder  nlla,  but 
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The  percentages  for  ore,  coke,  and  total  pig  iron  are  somewhat  mis- 
leading if  applied  to  the  steel  industry  proper,  since  a  consideirable 
part  of  the  total  tonnage  of  these  products  naa  not  used  to  make 
st«el.  Thus  a  part  of  the  total  producti(m  of  ore  was  used  for  the 
manufacture  of  foundry  iron,  and  in  the  case  of  Southern  ore  from 
1902  to  1906  hardly  any  was  used  for  the  manufacture  of  steel. 
Similarly,  a  large  amotmt  of  the  total  production  of  pig  iron  was 
used  for  foundry  purposes  and  not  for  the  manufacture  of  steel 
products.  The  total  production  of  coke  included,  of  course,  rery 
large  quantities  not  utilized  in  the  iron  and  steel  industry,  which  ex- 
plains the  exceptionally  low  percentage  for  that  product  Of  coke 
used  in  iron  and  steel  manufacture,  the  cost  data  obtained  by  the- 
Bureau  probably  represent  about  60  per  cent. 

For  Bessemer  pig  inm  and  Bessemer  ingots,  which  were  the  chief 
bases  of  steel  manufacture  from  1902  to  1906,  93.1  per  cent  and  99.8 
per  cait,  respectively,  of  the  total  output  of  the  country  were  in- 
cluded in  the  cost  statements.  For  steel  rails  practically  the  total 
output  of  the  country  was  included. 
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As  the  tonnagte  of  the  production  of  plates  and  sheets  are  grouped 
t^igether  in  the  reports  of  the  American  Iron  and  Steel  Association,  a 
satisfactory  comparison  of  the  proportions  of  each  covered  by  the 
cost  statements  is  not  possible.  It  may  be  noted,  however,  that  some 
plates  were  made  by  open-hearth  steel  works,  which  are  not  covered 
by  this  report. 

The  tonnage  of  stractural  shapes  was  considerably  more  than  half  , 
of  the  total  output,  and  comprised  the  most  representative  plants  of 
tiie  country. 

Those  plants  producing  wire  rods  and  wire,  not  included  in  this 
investigation,  were  either  unimportant  in  size  or  their  cost  accounts 
were  in  such  condition  that  it  was  impracticable  to  get  satisfactory 
reports  of  their  business.  The  great  bulk  of  the  country's  output, 
however,  was  included. 

That  part  of  the  tonnage  of  black  plates  or  sheets  for  tinning 
(included  under  plates  and  sheets),  which  was  omitted  was  the 
product  of  small  concerns,  a  number  of  whidi  did  not  make  steel 
but  purchased  their  tin-plate  bar.  The  production  of  tin  plate  not 
covered  in  this  report  consisted  chiefly  of  the  output  of  ^nall  and 
relatively  unimportant  concerns. 

For  tiiree  important  classes  of  products  not  comprised  in  the  pre- 
ceding table,  namely,  billets,  bars,  and  wire,  data  as  to  the  cost  of 
a  large  proportion  of  the  total  output  of  the  United  States  were  re- 
ceived and  are  presented  in  this  report.  It  is  not  possible  to  show  the 
proportion  of  these  tonnages  to  the  total  output  of  the  country  be- 
cause no  authoritative  statistics  are  available  for  the  latter.  The 
tomiage  covered  for  each  of  these  products  was  as  follows: 


TlBU  2.— TONNAOZS  OF  SPECIFIED  STEEL 
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Section  2.  Companies  making  returns  included  in  the  cost  statements, 
1902-1906. 
The  data  as  to  costs  of  production  obtained  by  the  Bureau  embraced 
nearly  aU  of  the  large  manufacturing  ctmcerns  making  steel  prod- 
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ucts,  besides  numerous  other  companies  engaged  in  producing  pig 
iron  or  the  raw  materials  for  making  the  pig  iroo  used  in  producing 
steel. 

The  Bureau  did  not  attempt  to  get  returns  regarding  the  cost  of 
production  from  every  producer  of  iron  and  steel  in  the  country,  for 
two  reasons — firet,  because  it  was  not  intended  to  include  all  kinds 
of  products  of  iron  and  steel  in  the  cost  statements;  and,  second, 
because  an  attempt  to  include  all  the  small  concerns  would  have 
greatly  complicated  the  work  of  obtaining  and  combining  the  data. 
The  Bureau  therefore  directed  the  investigation  to  the  costs  of  pro- 
duction of  all  the  large  companies  engaged  in  the  production  of  the 
commodities  which  it  was  deemed  essential  to  cover,  and  also  to  a  con- 
siderable number  of  small  companies.  The  small  companies  were  in- 
cluded largely  for  two  reasons — first,  because  their  conditions  of  pro- 
duction were  often  different  and  it  was  important  to  have  such  data 
for  purposes  of  comparison;  and,  second,  because  in  certain  kinds  of 
products  there  were  only  a  limited  number  of  large  manufacturers 
engaged  in  the  production  of  them,  and  hence  it  was  desirable  to  have 
a  number  of  small  manufacturers  in  addition  thereto,  not  only  to 
make  the  averages  more  representative,  but  also  to  make  it  impos- 
sible for  competitors  to  get  an  indication  of  each  other's  costs. 

For  the  products  included  in  these  1902  to  1906  costs  the  whole  pro- 
duction reported  was  included  for  each  commodity.  Th^re  was  no 
selection  of  the  plants  of  any  company.  This  involved  in  some  cases 
the  inclusion  of  plants  which  were  started  during  the  period  covered 
by  the  investigation,  for  which  the  costs  of  production  were  likely,  of 
course,  to  be  abnormally  high  until  such  plants  were  brought  into  good 
working  order.  But  any  attempt  to  exclude  particular  plants,  or 
even  to  exclude  them  for  a  part  of  the  time  on  account  of  abnormal 
conditions,  would  involve  an  exercise  of  selection  for  "which  no  very 
definite  rule  could  be  established,  and  hence  would  involve  disad- 
vantages greater  than  the  possible  advantages  of  excluding  a  rela- 
tively small  quantity  of  product  for  which  the  conditions  of  produc- 
tion were  abnormal. 

In  the  following  discussion  regarding  the  companies  whose  costs 
are  included  in  this  report,  it  should  be  understood  that  the  ordinary 
designations  of  the  companies  are  generally  used,  and  that  where  a 
part  of  the  business  was  conducted  by  an  affiliated  company  it  is  in- 
tended to  cover  these  also  without  specially  mentioning  them.  Where 
a  company  operates  iron-ore  mines,  for  example,  it  is  generally  the 
practice  to  form  a  separate  company  for  such  operations.  The  Steel 
Corporation  comprises,  of  course,  a  very  extensive  group  of  operating 
companies,  but  the  organization  of,  this  company  is  so  well  known 
and  has  been  described  in  such  detail  in  Part  I  of  this  report  that 
it  is  not  necessary  to  specify  the  companies  induded  therein. 
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X/ABGE  comfanhb. — The  costs  of  prodaction  of  the  United  States 
Steel  Corporation  were  included  for  every  product  for  which  a  cost 
statement  is  made  in  this  report.  On  account  of  the  predominant 
position  of  this  company  in  many  lines  of  manufacture  the  average 
costs  presented  in  this  report  are  necessarily  very  near  the  average 
costs  of  the  Steel  Corporation,  since  for  most  of  the  products  its 
proportions  of  production  were  so  large  that  its  costs  have  a  control- 
ling influence  on  the  averages. 

There  were  also  a  nimiber  of  very  large  independent  manufacturing 
companies  whose  aggregate  production  for  most  of  the  c(Hnmodities 
here  considered  formed  an  important  part  of  the  total  tonnages, 
namely :  Jones  &  Laughlin  Steel  Co.,  Lackawamia  Steel  Co.,  Republic 
Iron  &  Steel  Co.,  Cambria  Steel  Co.,  Pennsylvania  Steel  Co.,  Ten- 
nessee Coal,  Iron  &  Railroad  Co.  {acquired  by  Steel  Corporatioa  in 
1907),  and  Colorado  Fuel  &  Iron  Co. 

All  of  these  companies  included  in  their  operations  the  production 
of  a  considerable  variety  of  iron  and  steel  products,  and  besides  were 
directly  or  indirectly  interested  in  the  production  of  the  more  im- 
portant raw  materials,  namely,  iron  ore  and  coke.  Although  they  were 
in  no  degree  comparable  with  the  Steel  Corporation  in  size,  yet  they 
would  be  classed  as  large  companies  in  any  country.  They  were  in 
some  respects  nearly  on  a,  par  with  the  Steel  Corporation  from  the 
point  of  view  of  integration,  and  the  chief  advantage  which  the  Steel 
Corporation  possessed  over  them  was  in  the  facilities  for  the  transpor- 
tation of  ircai  ore.  Their  plants  in  some  cases  were  comparable  in  size 
and  equipment  with  some  of  the  best  plants  of  the  Steel  Corporation. 
Small  companies. — Also  included  in  these  cost  averages  are  the 
products  of  a  group  of  wholly  or  partly  integrated  concerns  of  less 
importance,  namely :  La  Belle  Iron  Works,  Wisconsin  Steel  Co.,^  In- 
land Steel  Co.,  Youngstown  Sheet  &  Tube  Co.,  Pittsburgh  Steel  Co., 
Wheeling  Steel  &  Iron  Co.,  Sloss-Sheffield  Steel  &  Iron  Co.,  and 
Shenango  Furnace  Co. 

Certain  of  these  companies  were  as  completely  integrated  as  some 
of  those  previously  mentioned,  but  were  not  classed  with  them  because 
their  operations  at  that  time  were  not  established  on  such  a  large  scale. 
Besides  these  companies,  14  smaller  iron  and  steel  producing 
concerns  furnished  cost  data.  While  these  companies  were  all  rel- 
atively small,  they  included  some  very  well-managed  and  profitable 
enterprises. 

Two  companies,  producing  ore  exclusively,  furnished  data  with  re- 
gard to  the  cost  of  ore. 

Finally,  a  considerable  number  of  small  coke  producers  in  the 
Pocahontas  district  furnished  data  with  regard  to  the  cost  of  coke. 

>  A  BabBliIlar;  company  of  tbe  InternBttonal   Harreitei'  Co.  of  New  Jerse;, 
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Section  3.  Hethod  of  Btatiog  ooata. 

Most  large  manufacturing  enterprises,  and  particularly  those  which 
are  engaged  in  the  production  of  a  variety  of  commodities,  find  it 
necessary  for  the  proper  knowledge  and  conduct  of  their  affairs  to 
keep  records  of  the  cost  of  production  of  each  important  commodity. 
This  is  particularly  true  of  the  iron  and  steel  industry. 

The  cost  accounts  proper  show  the  expenses  directly  incurred  at 
the  place  of  production,  parts  of  which  are  estimated  with  relation 
to  any  one  product.  The  producing  company  may,  however,  have 
certain  expenses  in  addition  to  these  works  expenses,  which  have  a 
direct  relation  to  the  cost  of  manufacture  or  sale  of  the  commodity 
and  these  iJso  should  be  taken  into  consideration  if  a  comparison  is  to 
be  made  between  the  cost  of  a  commodity  and  the  amount  received  for 
it  or  the  profits  realized  thereon. 

Mill  cost.— The  ordinary  cost  accounts  of  a  company  are  designed 
to  show  the  total  cost  and  cost  per  unit  of  product  at  the  works  or 
mill  and  thus  to  serve  as  a  guide  to  the  management  of  the  manufac- 
turing end  of  the  business.  Broadly  speaking,  such  costs  comprise 
the  items  of  expense  for  materials  and  labor  (including  materials  and 
labor  in  repairs) ,  which  are  known  as  the  prime  costs  of  manufacture 
and  in  addition  thereto  estimated  portions  of  the  general  expenses  of 
the  works  and  to  a  greater  or  less  extent  estimated  amounts  of  de- 
preciation. 

The  costs  of  material  and  labor  are  generally  ascertainable  with 
substantial  accuracy  as  the  expenses  are  incurred  directly  and  solely 
with  reference  to  a  particular  product.  The  general  works  expense 
includes  portions  of  the  general  expense  items  for  power,  light,  heat- 
ing, works  office  expense,  general  superintendence,  etc.,  which  usually 
are  apportioned  according  to  some  established  rule  which  is  sup- 
posed to  give  to  each  product  a  fair  share  of  this  general  burden. 
The  total  amount  of  these  expenses  is  definite;  it  is  only  the  distri- 
bution of  them  that  involves  an  estimate.  On  the  other  hand,  the 
estimated  charges  for  depreciation,  in  so  far  as  such  charges  appear 
in  the  cost  sheets,  must  from  the  nature  of  the  case  be  more  or  less 
problematical  in  amount,  whether  the  amounts  for  particular  products 
or  the  total  amounts  are  taken  into  consideration.  "Works  deprecia- 
tion is  often  divisible  into  two  parts — first,  depreciation  relating  to 
parts  of  the  plant  and  property  which  have  relation  to  the  production 
of  particular  cwnmodities  only;  and,  second,  depreciation  relating 
to  parts  of  the  plant  and  property  which  have  relation  to  more  than 
one  product.  Both  kinds  of  depreciation  are  estimates,  but  the  second 
involves  not  only  an  estimate  of  total  amount,  but  also  of  the  distri- 
bution between  particular  products. 

One  form  of  depreciation  requires  spedal  notice  here,  namely,  de- 
preciation for  the  exhaustion  of  natural  resources,  as,  for  example, 
iron  ore,  coal,  etc    The  amounts  set  aside  on  this  account  are  often 
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described  as  exh&ustion  or  extinguishment  funda  instead  of  deprecia- 
tion funds.  For  the  purposes  of  cost  accounting  tiie  total  amounts 
thus  set  aside  with  respect  to  such  property  should  ultimately  equal 
the  original  cost,  but  should  not  exceed  it.  If  the  kind  of  property  in 
question  is  one  that  is  growing  scarcer  and  more  valuable,  the  total 
exhaustion  fond  thus  provided  would  not  be  sufficient,  presumably, 
to  purchase  an  equivalent  supply  of  the  same  natural  resource. 

If  the  business  is  to  be  continued  indefinitely,  it  may  be  necessary 
from  time  to  time  to  make  additional  investments  in  such  natural 
resource,  and  in  order  to  have  on  hand  the  means  of  purchasing  such 
properties  it  may  be  desirable  to  accumulate  a  replacement  fund. 
The  cost  of  replacement  would  presumably  exceed  in  amount  the 
depreciation  on  the  property  which  was  exhausted  and  had  to  be 
replaced.  A  replacement  fund  is  therefore  not  the  same  thing  as  a 
depreciation  fund.  While  depreciation  is  a  part  of  cost,  replacement, 
as  such,  is  not. 

An  examination  of  the  detailed  accounts  of  some  of  the  iron  and 
steel  manufacturing  companies  which  made  returns  to  the  Bureau 
indicates  that  these  distinctions  of  depreciation  and  replac^nent  were 
not  always  strictly  observed,  and  that  there  were,  sometimes  included 
in  the  depreciation  charges,  amounts  which  were  apparently  intended 
to  provide  for  future  investments,  but  which  were  not  a  part  of  the 
expenses  actuaUy  incurred.  This  is  particularly  Ixue  of  the  deprecia- 
tion charged  for  the  exhaustion  of  ii^n  ore. 

Where  the  process  of  manufacture  involves  the  conversion  of  raw 
materials  through  several  intermediate  stages  into  the  final  commer- 
cial product,  and  a  cost  sheet  is  made  for  each  stage  of  the  process, 
the  sum  of  all  the  items  of  the  mill  costs  for  the  several  stages  is 
much  greater,  of  course,  than  the  total  cost  of  the  finished  product  on 
nccount  of  the  duplication  of  the  cost  of  the  original  raw  materials, 
in  the  charges  for  materials  in  each  successive  cost  sheet. 

The  meaning  of  the  item  of  labor,  as  forming  a  part  of  the  mill 
costs  of  the  several  products,  needs  brief  explanation.  The  labca* 
costs,  as  shown,  represent  in  every  instance  the  wages  paid  for 
all  forms  of  producing  labor  for  that  particular  product  at  that 
particular  department  of  the  works,  including  labor  in  repairs  and 
maintenance.  There  are,  however,  in  addition  other  small  expendi- 
tures for  labor  not  classified  as  such  by  most  steel  companies.  The 
labor  in  connection  with  the  operation  of  steam  plants,  which  is  in- 
cluded under  the  item  of  steam,  is  practically  the  only  labor  cost  not 
so  dassified,  and  this  amounts  to  only  a  very  few  cents  per  ton  for 
most  products. 

It  is  important  to  bear  in  mind  that  the  item  of  labor,  as  shown 
fw  different  products,  does  not  include  the  labor  costs  in  prior  stages 
of  production,  these  being  ctmiprehended  in  the  cost  of  the  material 
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AiH>rnoNAi'  008T. — As  already  explained  above  (see  p.  18),  the  mill 
costs  do  not  include  all  the  expenses  which  are  chargeable  to  the  cost 
of  a  product  at  the  time  and  point  of  sale.  They  are  intended  chiefly 
as  a  guide  to  the  management  of  the  manufacturing  end  of  the  busi- 
ness. Hence,  before  making  any  comparison  with  prices  or  before 
attempting  to  figure  the  profit  by  products,  it  is  necessary  to  take 
account  of  certain  additional  costs,  especially  depreciation  and  gen- 
eral and  administrative  expense. 

The  system  of  keeping  the  mill  cost  may  not  be  complete,  especially 
with  respect  to  the  charge  for  depreciation.  It  is  the  practice  of  cer- 
tain important  companies  to  keep  their  plants,  by  means  of  repairs, 
in  as  good  condition  as  practicable,  and  these  expenses  are  included 
in  the  mill  costs  of  the  products  of  such  plants.  Thus,  the  repairs 
(both  materials  and  labor)  on  a  blast  furnace  plant  are  charged 
to  the  cost  of  pig  iron  and  the  repairs  on  a  rail  mill  to  the  cost 
of  rails.  Depreciation  on  such  plants,  however,  is  often  not  made  part 
of  the  cost  accounts.  The  reason  for  this  appears  to  be  that  the 
cost  accounts  being  chiefly  intended  as  a  guide  to  the  management 
of  the  manufacturing  operations  and  being  made  up  every  month,  it 
is  not  practicable  to  figure  out  the  depreciation,  which  is  after  all  an 
estimate,  that  can  generally  be  assumed  to  run  about  the  same  from 
month  to  month.  The  cost  sheet  is  intended  chiefly  to  inform  the 
mill  management  of  the  relative  efficiency  of  operation  from  month  to 
month,  so  that  to  introduce  an  estimated  variable  depreciation  would 
only  disguise  the  operating  results,  while  to  introduce  a  constant 
estimated  depreciation  would  not  add  anything  to  the  desired  infor- 
mation. Hence,  under  this  system  of  cost  keeping  the  depreciation 
is  made  on  the  basis  of  a  general  estimate  at  the  end  of  the  financial 
year.  This  is  often  done  without  any  specific  determination  of  the 
amounts  for  particular  plants  or  mills,  but  in  a  gross  amount  which  is 
intended  to  be  sufficient  for  the  purpose. 

Another  item  of  cost  often  appearing  in  the  profit  and  loss  accounts, 
but  not  in  mill  cost,  is  general  expense.  Especially  where  a  company 
produces  a  variety  of  products  and  has  numerous  plants,  some  of 
which  may  be  located  at  points  considerably  removed  from  e&ch  other 
and  from  the  general  administrative  and  mercantile  offices  of  the 
company,  the  cost  sheets  for  products  are  not  likely  to  contain  any 
part  of  the  general  office  expenses,  but  only  an  estimated  portion  of 
the  general  works  expense  of  the  plant  where  the  product  represented 
by  the  cost  sheet  is  made.  These  general  expenses,  therefore,  may 
not  be  included  in  the  mill  cost,  but  must  be  looked  for  in  the  profit 
ond  loss  accoimt  and  a  proper  distribution  made  thereof  over  the 
costs  of  the  several  products  of  the  company. 

These  general  expenses  also  include  the  selling  expenses.  In  some 
lines  of  business  the  selling  expenses  are  a  very  important  iton  in 
the  combined  cost  of  producing  and  selling,  but  in  the  iron  and  steel 
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trade  theae  expenses  are  a  comparatively  insignificant  fac^r.  The 
situatiiHi  in  this  respect  depends,  of  couise,  on  the  methods  of  market- 
ing products.  In  the  iron  and  steel  trade  most  of  the  products  are 
sold  on  orders  which  are  sent  in  to  the  cfHnpanies.  It  is  a  very  dif- 
ferent kind  ot  Belling  system  from  liiat  generally  prevailing,  foi- 
example,  in  the  beef,  petroleum,  tobacco,  or  agricultural  implement 
trades,  in  which  beddes  extensive  adverti^ng  or  canvassing  there  is 
included,  in  a  greater  or  less  degree,  the  actual  distribution  of  the 
goods  down  to  the  retail  dealer,  often  with  large  expenditures  ior 
transportation.  In  the  iron  and  steel  trade  almost  nothing  of  this 
sort  is  done,  although  some  of  the  larger  companies  have  in  addition 
to  their  general  offices  important  warehouses  and  selling  agencies  at 
various  points,  either  in  the  domestic  market  or  in  foreign  countries. 
The  total  amount  of  expenditure  on  such  account,  however,  is  com- 
paratively small. 

In  the  case  of  the  Steel  Corporation,  in  addition  to  general 
expenses  of  the  affiliated  manufacturing  companies,  such  as  the  Car- 
negie Steel  Co.,  the  American  Steel  &  Wire  Co..  the  Xational  Tube 
Co.,  etc.,  there  were  general  expenses  of  the  holding  company,  the 
TTnited  States  Steel  Corporation,  which  had  to  be  taken  account  of  in 
the  Bame  manner.    These  were  put  in  with  the  general  expense. 

The  Bureau  allowed  for  and  included  these  items  of  additional 
cofit  n(A  shown  in  the  regular  cost  sheets.  Except  for  the  ore  and 
coke  companies,  Uiese  items  could  not  be  allocated  to  particular  prod- 
ucts of  sudi  companies  according  to  any  perfect  rule;  but  the  plan 
adopted  by  the  Bureau  was  to  increase  the  mill  costs  of  the  several 
products  in  the  same  proportion  as  such  additional  costs  increased 
the  total  manufacturing  and  producing  costs  of  the  several  companies 
for  all  products.  While  this  method  tends  to  give  an  appearance  of 
excessive  additional  costs  for  the  more  highly  manufactured  products, 
this  is  not  really  the  case,  because  this  figure  for  each  successive 
product  is  a  cumulative  one  and  covers  all  the  additional  cost  allow- 
ance for  previous  stages  of  productiwi.  This  point,  however,  can 
be  better  explained  later  on  when  these  additional  costs  are  shown. 

On  the  other  hand,  there  is  no  doubt  that  an  arbitrary  rule  of  this 
character  does  not  give  very  satisfactory  results  in  allocating  the 
expenses  and  depreciation  really  incurred  with  respect  to  particular 
products.  The  merits  of  this  method  will  be  discussed  in  more  detail 
kter.  At  this  place  it  is  desirable  to  point  out  the  advantage  of  it, 
namely,  that  it  is  simple  and  aut(»natically  provides  that  all  these 
actual  expenses  or  charges  to  depreciation  shall  be  covered  in  the 
statements  of  cost.  It  does  not  preclude,  however,  the  use  of  esti- 
njates  for  such  additional  costs  based  on  normal  experience  rather 
than  on  a  mathematical  mle  applied  to  arbitrary  charges. 

Total  book  cost. — ^The  mill  costs  plus  the  additional  cost<i,  as  de- 
fined and  described  above,  give  what  may  be  called  the  total  book 
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costs;  that  is,  the  costs  which  may  be  properly  compared  with  the 
actual  realized  prices  for  the  respectire  conunodities  in  order  to  de- 
termine the  book  profits  by  products.  Tliese  are  the  coste  which  axe 
presented  in  Chapters  III  to  VII  of  thig  report.  The  costs  are  showrn, 
however,  by  items  for  the  mill  cost,  together  with  the  total  mill  cost, 
and  the  items  in  addition  to  mill  cost  are  also  separately  shown.  AJl 
of  the  items  taken  together  give  the  total  book  cost 

The  separate  statement  of  mill  co^  and  additional  costs  involves 
one  slight  disadvantage,  namely,  that  in  the  transfer  of  the  product 
from  one  stage  of  manufacture  to  the  succeeding  stage,  when  suc^ 
transfer  is  made  at  cost  (though  this  is  by  no  means  always  the  case) , 
it  is  based  on  the  mill  cost.  Hence,  if  any  attempt  is  made  to  com- 
pare the  cost  of  the  product  in  one  cost  sheet  with  the  price  of  the 
same  material  in  the  succeeding  cost  sheet,  it  must  be  done  on  the 
basis  of  the  mill  cost  and  not  the  total  book  cost. 

The  cost  sheets  as  furnished  by  the  several  companies  were,  of 
course,  by  no  means  imiform  with  respect  to  dassiScation  of  items. 
Most  of  them  also  showed  the  items  in  far  too  great  detail  for  the 
purposes  of  this  report.  The  numerous  detailed  items  were  grouped 
by  the  Bureau,  tiierefore,  under  a  comparatively  few,  simple  heads. 

In  order  to  make  clear  the  detailed  character  of  the  information 
furnished  by  the  several  companies,  a  typical  cost  sheet  of  one  cwn- 
pany  for  a  single  product  (pig  iron)  is  given  below.  This  cost  sheet 
is  not  given  for  a  single  blast  furnace,  but  for  a  group  of  furnaces  at 
a  single  plant.  The  title  of  the  cost  sheet  has,  therefore,  been  sli^tly 
changed.  Furthermore,  in  place  of  the  description  of  ores  given  in 
the  original  cost  ^eet,  the  letters  A,  B,  C,  etc.,  have  been  substituted 
in  order  not  to  reveal  the  identity  of  the  comptmy  whose  pig-iron  cost 
is  stated. 

(Typical  cost  duet;  to  atiow  form  only.) 

COUFAlfT.    FURNACE  PLANT.    COST  OF  PRODUCmO  BESSEMER  PtOIEON 

AT  ALL  FURNACE^  DURraO  YEAR  IM— . 
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This  cost  sheet  ^ows,  of  course,  only  tbe  furnace  cost,  and  does 
not  contain  any  provision  for  additional  costs  mentioned  above. 
It  illustrates  the  great  detail  in  which  such  cost  statements  are  made. 
The  cost  sheets  for  other  products,  such  as  rails,  show  the  items  of 
cost  with  equal  minuteness. 

As  already  stated  (see  p.  4),  the  average  costs  for  the  five-year 
period  1902  to  1906  are  to  be  presented,  in  this  subdivision  of  the 
report,  according  to  the  results  shown  in  the  cost  sheets,  with  the 
addition  of  general  expenses  (additional  cost)  shown  in  the  profit 
and  loss  accounts,  but  without  any  elimination  of  intermediate  or 
intercompany  profits  arising  at  s<mie  prior  stage  of  production. 

Cost  of  sai.es  A»n  ■franbfebb. — In  connection  with  the  costs  of 
production  of  the  several  raw  materials  and  products,  the  Bureau 
also  obtained  frmn  the  several  companies  prt^t  and  loss  statements 
showing  mill  cost  of  sales  and  transfers,  the  average  proceeds  of  sales 
and  transfers,  together  with  the  profits  thereon.  In  order  to  show 
the  book  prints,  the  additional  costs  already  described  were  used 
by  the  Bureau  in  the  same  maimer  to  increase  the  reported  costs  of 
sales  as  to  increase  the  mill  costs.  While  this  incidwitally  furnishes 
another  and  usually  slightly  differing  figure  of  cost  (due  chiefly  to 
the  fact  that  the  quantities  in  question  are  not  exactly  the  same), 
its  chief  importance  is  that  it  shows  the  rates  and  amounts  of  book 
profit  on  each  |m>duct. 
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CHAPTEE  in. 
BOOK  COST  OF  IBON  ORE,  1902-1906. 
Section  1.  Introductory. 

The  fundamental  raw  material  for  the  prodaction  of  iron  and  steel 
is  iron  ore.  It  is  important  in  connection  with  the  presentation  of 
the  cost  of  iron-ore  mining  to  note  briefly  the  chemical  and  physical 
character  of  ore,  form  of  deposits,  the  systems  of  holding  and  work- 
ing such  deposits,  and  tiie  conditions  of  transportation  to  the  markets 
of  sale. 

Chemical  ano  physical  cHABAOrEB  of  ore. — ^The  value  of  iron  ore 
depends  to  a  large  degree  on  its  chemical  and  physical  characteristics. 
The  essential  point  is  the  proportion  of  iron  in  the  ore.  As  would  be 
naturally  expected  the  ores  containing  a  high  percentage  of  iron  are 
relatively  more  valuable  than  those  containing  a  comparatively  low 
percentage,  and  this  is  the  principal  factor  in  determining  their 
relative  values. 

The  chief  substances  intimately  admixed  with  mineral  iron  in  irwi 
ore  are  phosphorus,  manganese,  sulphur,  magnesia,  silica,  alumina, 
lime,  and  water.  The  substances  which  pass  more  or  less  into  the  iron 
and  affect  its  quality  as  well  as  the  value  of  the  ore  are  silicon,  sulphur, 
manganese,  and  phosphorus.  The  sulphur  can  be  very  largely  driven 
from  the  ore  by  roasting  it  before  smelting,  but  all  of  the  phosphorus 
and  a  large  part  of  the  silicon  and  manganese  pass  into  the  iron  and 
affect  the  quality  of  the  product.  Phosphorus,  according  to  the  proc- 
esses in  use  in  the  iron  industry  of  the  United  States,  is  an  undesir- 
able element,  and  as  the  amount  of  it  increases  the  value  of  the  ore 
decreases.  The  principal  classification  of  ore  in  the  United  States  is 
based  on  phosphcms  content,  those  low  in  phosphorus  being  described 
as  B(Bsemer  ores  (those  averaging  about  0,08  per  cent  of  phosphorus 
per  unit  of  pure  iron  in  the  ore,  which  is  equivalent  for  most  Lake 
ore  to  about  0.05  per  cent  phosphorus  in  the  ore,  when  dried  at  212° 
F.)  and  those  high  in  phosphorus  being  described  as  non-Bessemer 
ores.  The  low-phosphorus  ores  are  known  as  Bessemer  ores  because 
they  are  generally  suitable  for  making. iron  which  can  be  used  in  the 
production  of  steel  by  the  Bessemer  process. 

Certain  other  substances  mixed  with  the  iron-bearing  mineral,  sudi 
as  alumina,  silica,  and  lime,  affect  the  value  of  the  ore  chiefly  as  they 
affect  the  iron  content  or  as  they  facilitate  or  hinder  smelting  it   A 
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very  large  proportion  of  alumina  makes  that  much  extra  matter  to 
miae,  transport,  and  smelt,  without  adding  anything  to  the  value  of 
the  ore.  On  the  other  band,  a  considerable  proportion  of  lime  may 
be  of  advantage,  because  (^e  smelting  of  the  ore  is  facilitated  and  the 
slag  formed  by  the  lime  helps  to  carry  off  the  undesirable  substances. 

The  physical  character  of  the  ore  is  also  very  important  with 
respect  to  its  value.  On  the  one  hand,  hard  CH*es  are  more  difficult  to 
reduce  than  soft  ores — tiiat  is,  they  require  more  fuel — ^whUe  on  the 
other  hand,  soft  fine  ores  tend  to  clog  the  furnace  or  blow  out 
through  tiie  top,  causing  a  considerable  loss  of  material.  For  these 
reasons,  as  well  as  on  account  of  the  necessity  of  getting  the  right 
proporti(xis  of  the  chemical  c(HistitueDts,  it  is  often  necessary  to  mix 
ores  of  different  physical  structure. 

These  circumstances  and  many  others  affect  the  value  of  different 
kinds  of  ores.  For  particular  districts,  where  the  ore  is  of  a  more  or 
less  miiform  quality,  certain  standard  prices  are  usually  found,  which 
are  made  the  basis  of  contracts  of  purchase  with  the  provision  that 
the  (H«  shall  be  analyzed  and  its  final  price  determined  in  accordance 
therewith.  For  example,  there  are  four  grades  of  Lake  ore — Mesabi 
Bessemer,  Mesabi  non-Bessemer,  Old  Range  Bessemer,  and  Old 
Range  non-Bessemer — and  for  each  grade  there  is  a  standard  quality. 
For  each  particular  shipment  an  analysis  is  made  and  the  percentages 
of  iron,  phosphorus,  and  certain  other  elements  are  determined. 
The  general  ctxitract  price  is  modified  according  to  the  results  of  the 
analysis,  a  certain  amount  per  ton  being  added  or  subtracted  for  each 
unit  of  iron  above  or  below  the  standard,  while  a  similar  correction 
is  made  for  phosphorus;  that  is,  for  each  unit  of  excess  of  phosphorus 
a  certain  amount  is  subtracted,  and  for  each  unit  of  deficiency  a  cer- 
tain amount  is  added.  This  eliding-scale  method  of  fixing  the  price  is 
sometimes  made  to  indude  other  elements  in  the  ore,  sudi  as  man- 
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Among  the  more  important  facts  of  ore  mining  relative  to  costs  are 
the  depth  of  the  ore,  the  character  of  the  ore,  the  inclination  of  the 
ore  deposit]  and  the  nature  of  the  surface  land. 

Where  the  ore  lies  on  the  surface  or  covered  by  a  small  overburden 
compared  with  the  depth  of  the  ore  deposit,  it  is  often  advantageous 
to  mine  it  by  the  open-pit  method  after  removing  or  "  stripping  "  the 
overburden.  If  the  ore  is  soft — that  is,  of  a  gravelly  character — it 
can  be  handled  directly  by  steam  shovels  and  loaded  into  ordinary 
railroad  cars.  Where  it  is  found  as  an  outcrop  of  rock  it  may  be 
worked  by  blasting  and  shoveling.  This  system  of  open-pit  mining 
is  often  used,  notably  in  the  Mesabi  Bange  of  the  Lake  Superior  dis- 
trict, and  under  favorable  conditions  it  presents  the  possibility  of 
minmg  on  a  large  scale  at  a  very  low  cost  per  ton. 
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If  the  ore  body  is  near  the  surface,  but  is  very  much  tilted  com- 
pared with  the  horizontal,  or  very  deep  compared  with  the  area  of 
the  deposit,  or  if  the  surface  of  the  ground  is  very  irregular,  the  ap- 
plication of  the  open-pit  system  may  not  be  economical  either  for  han- 
dling the  steam  shorels  or  for  bringing  in  the  trains  of  cars.  Wbere 
the  ore  is  found  at  considerable  depths  below  the  surface,  or  where 
it  must  be  sought  or  followed  up  by  penetrating  the  sides  of  high 
hills  or  mountains,  the  systems  of  shaft  and  slope  mining  may  be 
necessary.  In  these  cases  a  shaft  is  sunk  or  a  tunnel  made  more  or 
leas  steeply  inclined  to  the  ore  body.  When  the  ore  is  reached  it  is 
worked  by  prt^'ecting  timbered  galleries  through  it,  from  which  the 
miner  works  more  or  less  completely  over  the  whole  deposit,  accord- 
ing to  various  conditions  affecting  either  the  safety  or  the  economy 
of  operation. 

Shaft  mining  naturally  tends  to  be  more  expwisive  than  open- 
pit  mining,  in  spite  of  the  heavy  stripping  expenditures  of  the  latter, 
the  miners  with  drill  and  pick  in  underground  mines  being  feeble 
competitors  of  the  steam  shovel  in  open  pits. 

Another  method  of  mining  the  ore  is  what  is  known  as  milling. 
This  method  involves  stripping  the  overburden  and  sinking  shafts 
through  the  ore.  The  ore  is  broken  down  and  falls  to  the  botttHn  of 
the  mine,  whence  it  is  hoisted  to  the  surface. 

Irregular  formatitai  in  the  ore  body,  excessive  water  in  the  mine, 
and  various  other  circumstances  often  have  an  important  effect  on 
the  cost  of  mining. 

StSTXUS  of  HOIDING  ANn  OPEBATTITC  OSE   LAIfDS,   ATW   RELATION  TO 

BOTALTiEfl  ANn  DBPRECiATTON. — The  couditious  regarding  the  owner- 
ship of  ore  lands  and  the  operation  of  mines  have  very  important  re- 
lations to  the  cost  of  mining.  Generally  speaking,  the  ownership  of 
the  land  or  the  fee  is  not  vested  in  the  mining  company  which  is 
engaged  in  extracting  the  ore.  In  the  Soutiiern  ore  mining  industry, 
however,  as  well  as  in  s(«ne  of  the  other  less  important  ore  districts 
of  the  United  States,  the  bulk  of  the  tonnage  of  ore  mined  is  from 
fee  holdings.  In  Minnesota  where  the  Mesabi  and  Vermilicai  Ranges 
are  located  there  are  very  exten^ve  tracts  of  ore  lands  under  opera- 
tion, the  fee  oT  which  still  remains  in  the  name  of  the  State.  Most 
of  these  lands  have  been  leased  by  it  on  a  royalty  payment  of  25 
cents  per  gross  ton  of  ore  mined.  Such  holdings  have  often  been 
transferred  by  sublease  so  that  in  many  instances  the  current  royalty 
paid  by  the  mining  company  is  higher  than  the  royalty  payable  to  the 
State,  the  difference  going  to  the  prior  leaseholder.  The  system  of 
State  leases,  as  practiced  in  Minnesota,  with  low  annual  minimiun 
tonnage  on  which  royalty  was  to  be  paid  tended  to  encourage  pros- 
pecting for  ore  deposits  and  speculative  holding  of  them  without 
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safficiest  obUgation  on  the  port  of  the  lessee  to  prcHnptly  develop  and 
operate  the  property  leased.  The  conditions  determining  cost  for 
leaseholds  are  mor«  eonplicated  than  for  fee  holdings. 

Fee  mijtes. — Fee  mines  are  those  which  are  operated  by  the  owners 
thmiselTes.  The  mining  company  owns  not  only  the  ore  deposits — 
the  ore  in  the  ground — but  also  all  improvements.  The  expendi- 
tures on  both  of  these  aocoimtfi  represent  the  investment  of  capital 
and  are  subject  to  depreciation  charges  in  reckoning  the  cost  of 
mining  ore.  It  will  be  conveniait  for  discussion  to  group  these  capital 
■  expenditures  into  two  classes,  namely,  the  actual  cost  of  the  ore 
deposit,  and  the  mine  improvements  and  equipment.  The  deprecia- 
ti<Mi  of  each  of  these  two  elements  involves  di^inct  considerations. 

In  order  that  the  mining  company  shall  not  diminish  its  capital 
it  is  necessary  that  depreciation  be  charged  for  every  ton  of  ore 
extracted.  The  amount  of  depreciation  should  be  determined  by 
the  original  cost  of  the  ore  deposit  and  the  estimated  tonnage  of 
merchantable  ore.  Thus,  if  the  ore  deposit  was  estimated  to  contain 
20,000,000  tons,  and  it  was  purchased  for  $1,000,000,  the  depreciation 
charge  against  the  ore  would  be  5  cents  per  ton.  The  important 
point  to  be  noted,  however,  is  that  the  depreciation  should  be  esti- 
mated on  the  a<:4ual  cost  and  not  on  the  current  marlcet  value. 
For  example,  the  cost  of  ore  deposits  might  have  been  figured  as 
5  cents  per  ton  at  the  time  the  mine  was  purchased,  but  the  same 
deposits,  or  what  was  left  of  them,  at  a  later  period  might  be  dia- 
pcffied  of  for  20  cents  per  ton.  It  would  not  be  proper  to  take  any 
account  of  this  change  in  the  value  of  the  ore  in  the  ground  in  reckon- 
ing the  amounts  of  the  depreciation  for  the  purpose  of  figuring  the  - 
cost  of  the  ore.  Some  companies  make  allowances  for  changes  in 
market  values  by  setting  aade  funds  for  the  replacement  of  the 
deposit.  While  such  funds  may  be  desirable  for  the  purchase  of 
additional  ore  when  that  already  acquired  shall  have  been  exhausted, 
jet  provision  for  such  funds  is  not  properly  a  charge  to  costs. 

The  permanent  mine  improvements  lose  practically  all  their  vahie 
by  the  time  the  ere  deposit  is  exhausted.  The  total  cost  of  such 
improvements,  deducting  scrap  value,  should  therefore  be  covered  by 
depreciation.  The  amount  to  be  charged  annually  will  depend,  of 
course,  upon  how  long  the  improvements  will  last  or  will  be  utilized 
in  operation. 

In  connection  with  mine  depreciation  charges  a  somewhat  similar 
problem  arises  in  respect  to  the  treatment  of  the  cost  of  stripping. 
The  expense  of  stripping  may  be  looked  at  from  two  different  view- 
points— first,  as  a  capital  expenditure;  and,  second,  as  an  operating 
cost.  In  the  first,  the  removal  of  the  overburden  from  the  ore  deposit 
is  regarded  as  an  improvement  of  the  mining  property  analogous  to 


i-,;.  Google 


BO  THB  STEEL  IlTDtrSTBT. 

the  sinkmg  of  a  shaft  and  other  general  development  work  of  an 
underground  mine.  Hence,  the  initial  stripping  ezpendittire  should 
he  capitalized,  and  depreciation  charged  as  the  ore  is  removed.  In 
the  second,  this  expenditure  is  hooked  as  a  deferred  charge  to  opera- 
tions, and  charged  to  cost  on  the  basis  of  the  tnmage  of  ore  extracted 
from  the  uncovered  area  for  the  period  in  question  as  compared  with 
the  total  ore  bod;  uncovered  by  audi  stripping. 

Royalty  mines. — Where  the  owner  of  the  ore  deposit  does  not  mine 
the  ore  but  leases  the  right  to  mine  to  another  party  in  considera- 
tion of  a  fixed  (or  variable)  amount  per  ton  of  ore  mined,  sudi 
payment  is  known  as  a  royalty  and  the  mines  as  royalty  mines.  The 
mere  fact  that  a  mine  is  leased  for  a  royalty  payment  or  other  com- 
pensation obviously  does  not  affect  the  total  amount  of  depre<uation 
incurred  in  connection  with  the  ore  deposit  and  mining  operations, 
but  it  does  affect  the  part  which  is  borne  by  the  owner  and  by  tiie 
lessee,  respectively. 

In  the  simplest  case  tlie  virgin  ore  deposit  is  leased  by  the  fee 
owner  to  the  lessee  or  mine  operator  for  a  fixed  royalty  payment 
of  a  certain  amount  for  each  ton  of  ore  extracted.  The  fee  owner 
may  be  expected  to  get  as  much  royalty  as'  he  can,  but  before  he 
can  determine  his  profits  he  must  take  account  of  the  depreciation 
of  the  property  from  the  exhaustion  of  the  ore,  since  this  must  be 
covered  entirely  by  what  he  receives  in  royalties.  If  the  fee  owner 
makes  a  successful  bargain,  the  discounted  value  of  all  royalty  pay- 
ments, on  estimated  production  from  year  to  year,  should  be  equal 
to  or  greater  than  the  fair  selling  value  of  the  property  at  the  date 
of  the  contract.  The  royalty  payment,  being  the  price  of  the  ore  in 
the  ground,  must  necessarily  cover  all  exhaustion  charges.  The 
operator,  or  lessee,  however,  must  provide  for  depreciation  on  mine 
improvements. 

Second,  the  case  may  be  noted  of  a  mine  which  is  already  developed 
by  the  fee  owner  and  then  leased  on  a  straight  royalty.  In  this  case 
the  fee  owner  or  lessor  in  calculating  his  royalty  must  take  account 
of  the  fact  that  it  must  cover  the  depreciation  of  the  improvements 
going  with  the  ore  deposits  as  well  as  the  exhaustion  of  the  deposit 
itself.  The  lessee  or  mine  operator  in  this  case,  not  having  made  the 
expenditure  on  such  improvements,  does  not  have  to  charge  any 
depreciation  for  them  into  the  cost  of  mining  the  ore  because  it  is 
already  covered  by  the  royalty  which  he  pays  to  the  fee  owner.  He 
may  make  additional  improvements,  of  course,  or  provide  equipment 
which  must  be  depreciated  in  his  own  accounts. 

Third,  the  fee  owner  or  lessor  may  demand  a  spot  cash  payment 
or  bonus  in  addition  to  the  stipulated  royalty.  This  may  be  merely 
because  he  prefers  to  get  his  payment  in  that  way,  or  it  may  cor- 
respcmd  to  som^ing  added  to  the  value  of  the  ori.ginal  property, 
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as,  for  example,  sinking  a  shaft  or  otherwise  opening  up  the  ore 
l>ody.  This  cash  payment  has  the  effect  of  necessitating  an  extin- 
guishment or  a  depreciation  charge  in  the  accounts  of  the  opera- 
tor of  the  mine  in  the  same  way  as  if  the  mine  had  been  purchased 
outright. 

These  three  typical  cases,  although  they  do  not  represent  all  the 
various  conditions  covering  the  deprecJBtion  and  royalty  charges  for 
royalty  mines,  probably  sufficiently  illustrate  the  principles  of  cost 
accounting  which  are  applicable  to  these  items.  While  in  the  pre- 
ceding discussion  the  position  of  the  fee  owner  of  a  royalty  mine 
has  been  discussed,  as  well  as  the  position  of  the  lessee  or  mine 
operator,  only  the  costs  of  the  latter  come  into  ctxisideration  in  de- 
termining the  cost  of  the  ore  mined.  Nevertheless,  it  is  important 
to  observe  that  the  lessor's  royalty  must  be  generally  presumed  to 
include  a  profit. 

It  appears  from  the  foregoing  analysis  that  there  is  not  an  exact 
comparability  between  costs  of  mining  for  fee  mines  and  royalty 
mines,  inasmuch  as  the  latter  include  profits  to  the  owner  of  the 
land  (contained  in  the  royalty) ,  while  the  former  do  not  include  any 
landowner's  profit.  This  is  a  particular  instance  of  the  fact  which 
has  been  discussed  in  the  introductory  chapter  (see  pp.  1-2),  namely, 
that  differences  in  the  integration  of  the  industry  {in  this  case 
land  owner  and  mine  operator)  necessarily  involve  differences  in  the 
elements  that  enter  into  the  cost  of  production.  To  put  them  on  a 
strictly  comparable  basis  it  would  be  necessary  either  to  determine 
end  eliminate  the  profit  contained  in  the  royalty  for  the  royalty 
mines,  or,  in  the  case  of  the  fee  mines,  to  segregate  the  profit  which 
should  be  received  by  the  owner  of  the  ore  in  the  ground  in  his 
capacity  of  land  owner  and  add  that  to  the  cost  along  with  the 
depreciation  charge.  In  the  latter  case  it  would  not,  of  course,  be 
proper  to  add  the  total  royalty  value  because  royalty,  as  shown  above, 
includes  exhaustion  chargee.  Neither  of  these  methods  of  bringing 
the  cost  statements  to  a  strictly  comparable  basis  could  be  applied 
satisfactorily  to  the  cost  data  received  by  the  Bureau,  and  would 
involve  cohsiderable  difficulties  of  determination  even  with  the  fullest 
information  respecting  the  conditions  for  each  mine.  It  is  doubtful, 
also,  whether  either  step  should  be  taken  merely  to  obtain  strict 
comparability. 

In  connection  with  royalties,  a  peculiar  feature  of  the  contracts 
covering  payment  should  be  noted,  namely,  that  it  is  generally  stipu- 
lated— at  least  in  private  leases — that  the  lessee  shall  pay  royalty 
on  a  minimum  tonnage  each  year  until  the  ore  is  exhausted,  whether 
this  minimum  tonnage  is  mined  or  not.  If  any  excess,  royalty  is 
paid  in  this  manner,  it  is  credited  to  future  production.  This  pro- 
vision is  obviously  necessary  to  protect  the  lessor's  interests.  When 
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such  advance  royalties  are  paid — those  in  excess  of  production — 
they  are  not  treated  as  a  part  of  .the  costs  of  mining  of  the  current 
year,  but  are  treated  as  deferred  charges  to  operation,  and  are  ab- 
sorbed in  succeeding  years  in  the  degree  that  the  tonnage  of  output 
exceeds  the  minimum  on  which  royalty  is  payable. 

Transportation  to  markets  of  sale.— Ordinarily  the  cost  of  ore 
or  other  mine  product  is  figured  at  the  mine  or  place  of  production, 
but  in  certain  cases  it  is  desirable  to  get  the  cost  at  the  market  of 
sale,  and  this  involves  the  inclusion  of  the  freight  charges  for  trans- 
portation if  the  ore  is  not  sold  where  it  is  produced.  This  situation 
exists  particularly  with  respect  to  Lake  Superior  ore,  which  is  mined 
principally  in  the  northern  parts  of  Michigan  and  Minnesota,  but 
sold  chiefly  at  the  lower  Lake  ports,  hundreds  of  miles  from  the  place 
of  production.  The  selling  price  naturally  covers  the  transporta- 
tion charges  as  well  as  the  cost  of  mining. 

Section  2.  General  characteriBtics  of  Lake  Superior  iron-ore  industry. 

The  Lake  region  comprises  the  most  important  iron-ore  deposits 
in  the  United  States  and,  considering  the  grade  of  ore,  as  well  as  the 
location  and  size  of  the  deposits,  probably  the  most  valuable  supply 
in  the  world  under  exploitation  at  the  present  time.  These  deposits 
are  found  in  several  so-called  ranges,  located  chiefly  in  the  northern 
peninsula  of  Michigan  and  in  Minnesota.  The  Michigan  ore  ranges 
are  the  Gogebic,  the  Marquette,  and  the  Menominee,  two  of  them  lap- 
ping over  info  Wisconsin,  The  Minnesota  ranges  are  the  Mesabi  and 
the  Vermilion.  The  Michigan  ranges,  together  with  the  Vermilion 
Range,  are  generally  referred  to  as  the  "  Old  Ranges,"  in  distinction 
from  the  Mesabi,  which  was  developed  later.  This  distinction  is  of 
importance  in  the  technique  of  ore  production  on  account  of  the 
softer  character  of  Mesabi  ore,  compared  with  most  of  the  Old  Range 
ore.  and  its  lower  average  cost. 

The  ore  of  the  Old  Ranges  is  generally  found  at  levels  consider- 
ably below  the  surface  and  is  almost  entirely  obtained  from  under- 
ground mines.  The  ores  occur  largely  also  in  rock  formations.  The 
Mesabi  ore,  on  the  other  hand,  is  generally  nearer  the  surface,  and 
some  of  the  most  important  mines  are  open  pits. 

The  Lake  ore-mining  industry  throughout  the  period  under  con- 
sideration, for  which  cost  statements  for  73  per  cent  of  the  pro- 
duction were  obtained,  was  almost  entirely  in  the  hands  of  large 
mining  companies  operating  often  a  considerable  number  of  indi- 
vidual mines.  The  chief  mining  interest  was,  of  course,  the  Steei 
Corporation,  which,  through  its  various  affiliated  companies,  operated 
52  mines  during  this  period.  Most  of  the  more  important  mining 
concerns  were  a  part  of,  or  were  affiliated  with,  iron  and  steel  produc- 
ing companies.     These  companies,  as  well  as  some  of  the  concerns 
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engaged  solely  in  ore  mining,  were  generally  well  provided  with 
tinancial  resources  necessary  to  conduct  mining  operations  in  the 
most  economical  and  profitable  manner.  The  mines  liad  a  large 
average  oatput.  For  the  bulk  of  the  prodnctiOTi,  namely,  that  part 
covered  by  the  following  cost  statements,  the  average  annual  output 
l)er  mine  for  the  five-year  period,  1902  to  1906,  was  over  300,000 
tons,  and  gome  individual  mines  averaged  during  ihis  period  over 
1,000,000  tons  per  annum. 

The  Lake  ore  industry  has,  therefore,  great  advantages,  particu- 
larly in  the  high  grade  of  the  ore,  the  vastness  of  the  deposits,  the 
facility  with  which  the  ore  can  be  mined,  and  the  abundant  financial 
resources  of  the  operators. 

The  principal  disadvantages  of  the  Lake  ore  region  from  the  point 
of  view  of  production  are  (1)  northern  location  with  cold  winters, 
involving  to  a  certain  extent  the  shutting  down  of  operations  in 
open-pit  mines  and  all  Lake  shipments,  and  (2)  great  distance  from 
the  points  of  fuel  supply  and  the  location  of  blast  furnaces  and  gen- 
eral manufacturing  region. 

The  transportation  of  the  ore  from  the  mines  to  the  points  of  sale 
and  consumption  involves  a  comparatively  short  haul  by  rail  from 
the  mines  to  the  Lakes,  then  water  carriage  for  a  distance  of  several 
hundred  miles,  and  finally,  at  least  for  most  of  the  ore  consumed, 
another  haul  by  rail  to  the  points  where  the  'furnaces  are  located. 
The  several  ore  ranges  have  generally  different  ports  of  T^ake  ship- 
ment. For  the  Minnesota  ranges,  namely,  the  Mesabi  and  Vermilion, 
the  principal  ports  of  shipment  are  Duluth,  Two  Harbors,  and  Su- 
perior, all  at  the  head  of  Lake  Superior.  For  the  Michigan  ranges, 
namely,  the  Gogebic,  Marquette,  and  Menominee,  the  ports  for 
Lake  shipment  are  Ashland,  Marquette,  and  Escanaba,  the  two 
former  on  Lake  Superior  and  the  latter  on  Lake  Michigan.  From 
these  ports  the  ore  is  shipped  chiefly  to  the  lower  Lake  ports,  namely. 
ports  on  Lake  Erie,  of  which  the  most  important  are  Cleveland,  Ash- 
tabula, Conncaut,  and  Buffalo.  A  considerable  quantity  is  also 
iihipped  to  ports  on  Lake  Michigan,  chiefly  to  furnaces  near  Chicago. 
The  prices  for  the  great  bulk  of  Lake  ore,  therefore,  are  for  de- 
livery at  lower  Lake  ports  (Lake  Erie) ,  and  the  profits  thereon  are 
determined  by  the  costs  of  delivering  it  at  such  ports,  which  include, 
therefore,  both  the  cost  of  mining  and  the  charges  for  transportation 
from  the  mines  to  lower  Lake  ports.  These  transportation  charges 
comprise  the  rail  freights  from  the  mines  to  the  upper  Lake  ports 
and  the  Lake  freights  to  the  lower  Lake  ports.  The  haul  from  the 
mines  to  the  Lakes  is  much  greater  for  the  Minnesota  ranges  than  for 
the  Michigan  ranges.  The  transportation  charges  from  the  mines  to 
upp«  Lake  ports  vary  considerably  between  the  ranges. 
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Pkoduction  and  shipments.— For  the  period  1902  to  1906.  inclu- 
sive, the  tonnage  of  iron  ore  covered  by  the  cost  sheets  was  106,268,728 
gross  tons,  or  73.3  per  cent  of  the  total  production  of  the  Lake 
Superior  district,  namely,  144,950,375  gross  tons. 

While  the  total  production  of  the  companies  reporting  for  the 
period  1902  to  1906,  as  shown  by  their  cost  sheets,  was  106,268,728 
tons,  as  stated  above,  the  total  deliveries  from  lower  Lake  ports,  as 
shown  by  the  profit  and  loss  statements,  were  109,424,041  tons.  The 
difference  between  these  two  quantities,  namely,  3,155,313  tons,  is  to 
be  accounted  for  in  part  by  quantities  taken  from  accumulated  stock 
])iles.  There  was  a  similar  difference  between  production  and  ship- 
ments for  the  Lake  Superior  district  as  a  whole. 

Section  3.  Book  cost  of  lake  ore,  by  years,  1902-1906. 

In  discussing  the  cost  of  Lake  ore  it  will  be  convenient  to  note  first 
the  general  facts  regarding  the  cost  for  the  region  as  a  whole,  after 
which  certain  details  regarding  the  particular  ranges  will  be  con- 
sidered. The  average  costs  of  Lake  Superior  ore,  by  years,  for  the 
period  1902  to  1906,  inclusive,  for  all  the  companies  reporting  to  the 
Bureau  are  shown  in  the  following  table : 
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This  cost  statement  is  shown  in  three  parts.  The  first  part  gives 
the  items  and  sum  of  the  costs  at  the  mine,  as  shown  by  the  cost  sheets 
of  the  companies,  together  with  the  royalty.  The  second  gives  trans- 
portation charges  from  the  mines  to  the  lower  Lake  ports,  and  the 
third  gives  the  general  charges  made  directly  in  the  profit  and  loss 
accounts  of  the  companies.  These  general  charges  added  to  the 
direct  cost  at  lower  Lake  ports  give  the  total  book  cost  at  lower  Lake 
ports. 

A  general  factor  affecting  the  cost  of  mining  Lake  ore  may  be  noted 
here  before  proceeding  to  the  consideration  of  detailed  items,  namely, 
the  annual  volume  of  production.  The  total  production  covered  by 
these  cost  statements  was  19,579,501  tons  in  1902  and  rose  to  28,431,841 
tons  in  1906,  an  increase,  as  between  these  years,  of  45.2  per  cent. 
There  was,  however,  a  slight  decline  in  production  in  1903  and  a 
very  sharp  one  in  1904.  The  general  volume  of  output  has  some  effect 
on  the  cost  of  mining,  particularly  on  account  of  the  general  financial 
charges,  such  as  taxes,  which  are  levied  on  reserves  as  well  as  on  oper- 
ating mines.  An  increasing  volume  of  output  t«nds,  therefore,  to 
reduce  certain  costs  of  mining. 

A  more  important  circumstance,  however,  is  the  average  output  per 
mine.  This  is  likely  to  be  greater,  of  course,  when  the  total  volume 
of  output  is  greater,  but  it  is  not  necessarily  so.  Taking  the  total 
tonnage  of  production  coTered  for  each  year  and  dividing  by  the 
number  of  mines  producing  this  tonnage  the  average  annual  output 
per  mine  for  the  five-year  period  as  a  whole  was  as  follows : 

1902 29T.000 

1903 2TS.O00 

1904 221. 000 

1906 350,000 

1906 - ,169.000 

Average  (1902-1006) 305.000 

It  appears,  therefore,  that  with  the  general  increase  in  output  at 
the  end  of  this  five-year  period  there  was  also  an  increase  in  the  aver- 
age output  per  mine.  This  undoubtedly  was  an  important  factor 
tending  toward  a  reduction  in  mining  costs,  not  only  for  mining 
labor  but  also  for  general  charges. 

Cost  at  mine. — These  are  the  average  costs  of  the  ore  at  the  mine 
as  shown  by  the  cost  sheets  of  the  companies  reporting  and  do  not 
include  certain  general  charges  ]ust  referred  to,  which  are  largely, 
though  not  wholly,  related  to  the  cost  of  the  ore  at  the  mine.  For 
the  five-year  period  the  average  cost  at  the  mine,  including  royalty 
and  depreciation,  was  $1.07  per  ton,  and  for  the  several  years  ranged 
from  $1.14  in  1903  to  $1  in  1905.  The  general  tendency  was  a  declin- 
bg  one.     An  important  factor  in  this  declining  tendency  was  the 
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increasing  importance  of  the  MesaBi  district  with  respect  to  the  total 
production.  The  cost  of  mining  for  the  Mesabi  Range  being  lower 
than  for  the  other  ranges,  an  increase  in  the  proportion  of  the  Mesabi 
output  to  the  total  output  naturally  tended  to  reduce  the  average 
costs.  (See  pp.  41-42.)  This  was  a  fact  of  great  significance  for  the 
general  position  of  the  Lake  ore  industry,  not  only  during  this  period, 
but  also  for  the  years  since  1906. 

Direct  operating  expense  at  mine. — The  chief  item  of  cost  was  min- 
ing labor  which  for  the  five-year  period  averaged  $0.45,  or  42  per  cent 
of  the  mine  cost.  The  labor  cost  ranged  from  $0.39  in  1905  to  $0.53  in 
190ii.  The  changes  in  the  labor  cost  were  due  apparently  more  to  the 
chnnges  in  the  volume  of  production  and  in  the  proportion  of  the 
output  of  open-pit  mining  to  the  total  output  than  to  the  rates  of 
wages.  The  statistical  comparison  of  wages  is  a  complicated  matter 
which  it  is  not  necessary  to  discuss  in  detail  in  this  connection, 
but,  generally  speaking,  it  appears  that  (1)  the  rates  of  wages  were 
about  the  same  in  1902  and  1903;  (2)  there  was  a  decline  in  January, 
1904,  of  about  10  per  cent;  (3)  this  decline  was  practically  offset  by 
an  advance  in  January,  1905;  and  (4)  there  was  a  second  advance  in 
March,  1906. 

According  to  the  movement  of  the  rate  of  wages  the  lowest  labor 
cost  per  ton  might  be  looked  for  in  1904,  but  as  a  matter  of  fact  both 
1905  and  1906  were  slightly  lower  in  spite  of  a  wages  advance  in 
1905  and  a  second  advance  in  1906.  This  situation,  as  intimated 
above,  was  probably  partly  due  to  the  increased  volume  of  produc- 
tion of  the  two  latter  years  and  partly  to  the  great  relative  increase 
in  the  output  of  Mesabi  ore,  especially  from  open-pit  mines,  for  which 
the  labor  costs  per  ton  were  very  low.     (See  pp.  43-44.) 

Supplies,  which  include  tools,  lubricants,  and  various  other  articles 
required  in  mining-operations,  also  formed  an  important  element  of 
cost,  and  for  the  five-year  period  averaged  $0.17  per  ton.  This 
item  ranged  from  $0.15  in  1905  to  $0.20  in  1903  and  1904.  Repairs 
and  mine  expense  averaged  $0.02  and  $0.03,  respectively,  for  the  five- 
year  period.  The  amounts  in  question  were  relatively  small,  so  that 
practically  no  variations  appear  in  the  cost  statement  in  respect  to 
these  items. 

Depreciation  and  stripping. — Depreciation  and  stripping  averaged 
$0.15  for  the  five-year  period,  and  ranged  from  $0.12  in  1902  to 
$0.17  in  1906,  The  absorption  of  stripping  expenditure  is  analogous 
.  to  depreciation.  Stripping  was  not  carried  on  to  a  very  important 
extent  during  the  years  1902  to  1904,  and  the  cost,  as  a  rule,  was  not 
shown  as  a  separate  charge,  but  was  included  under  the  item  of 
depreciation.  For  the  years  1905  and  1906  the  stripping  charge 
was,  however,  reported  separately,  and  averaged  $0,05  and  $0.07, 
respectively. 
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These  figures  show  a  tendency  toward  increase  in  the  depreciation 
charge,  due  in  large  part  to  greater  expenses  of  opening  up  the  ore. 
This  was  more  than  offset,  however,  by  lower  operating  expenses  for 
labor  and  supplies,  and  these  lower  expenses  for  labor  and  supplies 
were  probably  in  part  due  to  the  extension  of  open-pit  mining.  It  is 
not  certain,  however,  that  the  depreciation  charges  were  made  on  a 
uniform  basis  during  this  period. 

Some  mines  increased  their  exhaustion  charges  on  the  basis  of  esti- 
mated increased  value  of  ore  instead  of  maintaining  them  on  the 
basis  of  its  original  cost  to  them.  Hence,  a  part  of  the  average  in- 
crease in  depreciation  charged  was  due  to  this  faulty  method  of 
accounting.     (See  p.  19.) 

It  should  be  noted  also  that  some  companies  made  additional  allow- 
ances for  depreciation  (including  charges  for  exhaustion  or  replace- 
ment) _in  their  profit  and  loss  accounts,  which  are  combined  in  the 
third  division  of  the  cost  statem^it,  which  has  not  yet  been  considered 
(see  p.  40),  but  these  allowances  were  uniform  in  average  amount 
from  1903  to  1906,  inclusive,  ao  that  they  would  not  affect  the  pre- 
ueding  discussion  of  the  relative  movement. 

Owing  to  the  fact  that  some  of  the  mines  were  fee  mines,  while 
others  were  royalty  mines,  and,  further,  that  there  were  differences  in 
the  condition  under  which  the  royalty  mines  were  acquired  or  held, 
the  elements  of  cost  covered  by  the  item  of  depreciation  were  not 
always  identical  for  each.  (See  p.  31.)  The  differences  referred  to 
here  relate  particularly  to  charges  for  exhaustion  of  ore,  which  must 
be  allowed  for  in  fee  mines,  and  for  bonuses  paid  for  royalty  mines  in 
certain  cases.  (See  p.  30.)  Most  of  the  production,  however,  was 
from  royalty  mines  (about  90  per  cent  of  the  tonnage),  while  the 
bonuses  which  were  paid  on  such  mines  required,  generally,  only  a 
small  charge  per  ton  compared  with  the  royalties,  so  that  the  differ- 
ences in  the  circumstances  of  the  mines  were  not  so  considerable  in 
fact  as  might  seem  possible  at  first  thought. 

A  computation  was  made  of  the  depreciation  per  ton  (including 
additional  depreciation)  on  fee  mines,  as  compared  with  royalty 
mines  with  the  following  results : 
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This  computation  includes  the  additional  depreciation  noted  above 
and  yet  to  be  considered  (see  p.  40) ,  but  not  the  stripping  charges: 
and  is  introduced  here  to  illustrate  this  point. 

While  most  items  of  mine  cost  are  definite  expenditures  which  can 
not  be  questioned  as  to  the  amount,  the  charge  for  depreciation  is 
more  or  less  arbitrary.  The  cost  statements  of  the  individual  mines 
showed  great  variations,  some  of  them  charging  no  depreciation  at 
all,  while  for  others  the  depreciation  was  extremely  high.  Without 
a  vast  amount  of  detailed  study  concerning  all  the  circumstances 
affecting  each  mine  it  would  not  be  possible  to  amend  or  correct  the 
charges  which  were  actually  made.  The  general  indications  are, 
nevertheless,  that  the  depreciation  charges,  taken  as  a  whole,  were 
ample,  and  there  is  ground  for  believing  that  they  were  in  excess  of 
what  was  strictly  necessary. 

Roy<dty. — The  average  computed  charge  for  royalty  for  the  five- 
year  period  for  the  mines  reporting  was  $0.25  per  ton,  and  ranged 
from  $0.24  in  1902  and  1903  to  $0.27  in  1906,  showing,  therefore,  a 
general  advancing  tendency.  The  several  ranges,  however,  showed 
considerable  variations  in  the  movement  of  average  royalties.  The 
general  average  movement  conformed  quite  closely  to  that  for  the 
Mesabi  Range.    (See  p.  44.) 

The  usual  method  of  stating  royalty  payments  is  upon  shipments, 
so,  in  order  that  the  royalty  payments  E^iould  bear  a  proper  relation 
to  the  tonnage  mined,  it  was  necessary  to  take  the  royalty  rate  for 
each  mine,  as  shown  by  the  returns,  and  to  recompute  the  amount  of 
royalty  oa  the  basis  of  the  tMinage  mined.  The  average  rate  of 
royalty  shown  in  these  statements,  therefore,  is  based  on  rates  shown 
by  the  returns  frwn  each  mine. 

The  total  royalty  amounts  for  the  royalty  mines  were  distributed 
over  the  total  tonnage  included  in  the  cost  statements  for  each  range 
in  order  to  get  the  average  royalty  per  ton.  Hence,  this  average  was 
not  the  average  royalty  of  the  royalty  mines,  which  was  somewhat 
hi^er.  All  but  a  comparatively  small  number  of  the  mines  report- 
ing, however,  were  royalty  mines,  and  about  90  per  cent  of  the  tonna^ 
included  in  this  cost  statement  was  from  royalty  mines.  Taking  the 
production  of  royalty  mines  only,  the  average  royalty  for  this  five- 
year  period  was  $0.28  per  ton,  and  the  same  for  each  year,  also, 
except  in  1906,  when  it  averaged  $0.29. 

Rail  freight.— Practically  all  Lake  Superior  ore  is  shipped  to 
lower  Lake  ports  by  combined  rail  and  Lake  route.  The  charges  for 
rail  transportation  are,  therefore,  practically  the  average  charges  for 
the  transportation  of  the  ore  from  the  mines  to  the  upper  Lake  ports. 
The  average  rail  freight  was  $0.67  per  ton  for  the  five-year  period 
1902  to  1906,  inclusive,  and  ranged  from  $0.64  in  1902  to  $0.69  in 
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1906.  For  the  individual  railroads  hauling  the  ore  the  rates  of 
transportation,  with  insignificant  exceptions,  remained  unchanged 
throughout  this  perioi};  the  advancing  tendency  of  the  average 
freight  charge  was  due  to  the  increasing  proportion  of  ore  shipped 
from  the  Mesabi  Range,  for  which  the  rail  freight  rate  was  higher 
than  for  any  of  the  other  ranges  except  the  Vermilion. 

The  rail  freights  shown  in  this  statement  of  costs  were  not  shown 
in  exactly  this  form  by  the  companies  reporting,  but  are  the  result 
of  a  computation  or  adjustment  made  by  the  Bureau,  for  the  reason 
that  the  production  at  the  mines,  shipments  by  rail,  and  shipments 
by  Lake  are  distinct  transactions,  and  for  any  given  period  of  time 
the  tonnages  were  not  exactly  the  same.  Hence,  the  rate  on  each  of 
these  tonnages  was  computed  separately.  It  is  much  simpler  in 
statement,  however,  to  base  the  cost  statement  at  lower  Lake  ports 
on  the  tonnage  of  mine  production.  This  involved  recomputing  the 
freight  on  the  basis  of  the  tonnage  mined  instead  of  tonnage  shipped, 
using  the  average  freight  charge  as  a  basis.  Although  the  Steel  Cor- 
poration owned  two  of  the  railroads  transporting  ore  to  upper  Lake 
ports,  on  which  large  profits  were  earned,  its  mining  companies  paid 
the  same  rates  for  transportation  as  other  mining  concerns  similarly 
located. 

Lake  Freight. — ^The  average  Lake  freight  for  the  five-year  period, 
1902  to  1906,  inclusive,  was  $0,74  per  ton  and  ranged  from  ^.70  in 
1904  to  $0.80  in  1903.  Like  the  rail  freights,  the  Lake  freights  were 
different  to  some  extent  for  shipments  from  different  ranges,  but 
unlike  the  rail  freights  the  Lake  freights  were  somewhat  variable 
from  year  to  year  for  transportation  between  the  same  points,  and 
also  varied  sometimes  for  particular  shipments  in  the  same  year. 
Most  of  the  tonnage  each  year  was  carried  at  what  is  termed  the  con- 
tract rate,  which  is  usually  a  season  rate  more  or  less  definitely  agreed 
on  between  shippers  and  carriers,  with  established  differentials  for  the 
different  ports  of  shipment  on  the  upper  Lakes.  Besides  this  con- 
tract rate,  however,  there  are  what  are  called  wild  rates,  which  are 
charters  for  particular  cargoes  made  from  day  to  day.  During  the 
period  under  consideration,  also,  a  large  part  of  the  total  tonnage 
shipped,  and  probably  an  even  greater  proportion  of  the  shipments 
covered  by  the  above  cost  statement,  was  transported  by  boat  lines 
affiliated  with  the  mining  companies.  This  fact  tended  probably 
to  keep  the  rates  steadier.  Similarly  to  the  rail  rates,  the  Lake 
freight  rates  here  given  were  the  actual  rates  paid  upon  the  tonnages 
shipped  applied  to  the  mine  production  for  convenience  of  state- 
ment. Several  of  the  large  ore-producing  concerns  had  Lake  trans- 
portation facilities  which  transported  the  ore  and  earned  large  profits 
thereon,  hut  their  mining  concerns  paid  the  usual  transportation  rates. 
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General  cuaroes. — These  cost  items  were  charged  directly  to  the 
profit  and  loss  accounts  of  the  companies,  comprismg,  in  the  case  of 
Lake  ore,  general  expense,  taxes,  and  additional  depreciation, 

The  average  cost  for  general  expense  for  the  period  1902  to  1906, 
inclusive,  was  $0.06  per  ton,  and  ranged  from  $0.04  in  1905  to  $0.07 
in  1902  and  1904.  The  general  tendency  of  these  expenses  "was 
a  declining  one,  and  this  might  be  expected  in  view  of  the  increasing 
output  The  high  rate  in  1904  is  accounted  for  by  the  fact  that  it 
was  a  bad  year  and  the  output  was  relatively  very  small. 

The  item,  of  taxes  showed  an  average  cost  of  $0.05  for  the  period 
1902  to  1906,  inclusive,  and  ranged  from  $0.04  in  1902  and  1905  to 
$0.06  in  1904.  The  higher  rate  in  1904  is  easily  understood  on 
consideration  of  the  relatively  small  production  in  that  year.  Xhe 
objection  to-  including  taxes  as  a  part  of  cost  is  obvious,  but  they 
have  been  included  in  conformity  with  the  common  practice  of  these 
companies. 

The  average  additional  depreciation  from  the  profit  and  loss  state- 
ments was  $0.05  per  ton  for  the  period  1902  to  1906,  inclusive,  and 
was  the  same  in  each  year,  except  in  1902,  when  it  was  $0.07.  As 
some  companies  did  not  put  any  depreciation  into  their  mine  costs 
and  others  an  apparently  insufficient  depreciation  there  are  strong 
arguments  for  including  these  additional  expenses  in  the  costs  in  such 
cases.  On  the  other  hand,  there  is  the  objection  that  depreciation 
charges,  especially  the  additional  depreciation  appearing  in  the  profit 
and  loss  statements,  may,  in  some  cases,  be  intended  either  wholly 
or  in  part  as  replacement  funds  for  ore  over  and  above  the  actual 
cost  of  the  ore  which  has  been  exhausted.  These  replacement 
funds  may  be  provided  in  the  expectation  of  higher  prices  for  ore 
deposits  in  the  future.  To  determine  the  merits  of  the  case  for  each 
mine  would  have  been  an  enormous  task,  as  well  as  one  involving 
difficult  questions  of  judgment  and  would  not  have  repaid  the  labor. 
It  seemed  better,  therefore,  to  put  the  total  amounts  allowed  for 
depreciation  and  exhaustion  into  the  cost  of  the  ore. 

Total  book  cost  at  loweh  Lake  poets. — The  cost  of  mining,  the 
freight  charges  and  the  general  charges  constitute  the  total  book 
cost.  The  total  book  cost  at  lower  Lake  ports  of  all  Lake  iron  ore  for 
the  period  1902  to  1906  was  $2.64  per  ton,  and  ranged  from  $2.53  in 
1905  to  $2.76  in  1903.  The  cost  extremes  corresponded  to  those  of 
mine  cost,  and  the  other  years  showed  a  parallel  movement. 

Section  4.  Book  cost  of  Lake  ore,  by  ranges,  1902-1906. 

In  the  preceding  discussion  of  the  general  movement  of  cost  it 
has  been  shown  that  there  was  a  declining  tendency  in  the  cost  of  min- 
mg  ore.    As  this  was  due  largely  to  a  shifting  of  the  proportions  of 
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production  among  the  several  ranges,  it  is  desirable  to  present  a  com- 
parison of  the  cost  of  producing  ore  by  ranges. 

The  average  costs  of  production  of  ore  by  ranges  for  the  five  years 
1902  to  1906  and  the  combined  costs  of  the  Old  Ranges  for  the  same 
period  are  shown  in  the  following  table.  The  average  costs  of  pro- 
duction by  ranges  for  the  several  years  are  given  in  Table  I,  p.  537. 
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1  For  Bm^e  ro^t;  on  ro^alt;  mJiua  only,  see  p.  44. 

I  Includea  tbe  cost  oT  huHdi  insunnce,  amounting  Caoae-hairranCpertonlOreet 
■  On  accoaat  at  a  lUchtl;  larger  relative  fsoportlon  of  Ueasbl  ore  included  lo  tbi 
total  Uesabl  ivoductloo  thaa  tor  (be  othei  ranges,  tbe  qucatioD  migbl  be  raised  wbelbei  Clw  ■Tetsge  cost 
shown  does  not  ondentate  tbe  true  average  njat  of  Lake  t»e  for  tlie  total  tonnage  of  production.  It  la,  ot 
Murae,  tmposilblo  to  detOTmtne  tbia  question  without  knowing  deflnltelj  the  mat  of  ilw  tonnage  for  wlilch 
no  retunu  were  made,  but  U  It  I9  aaiuDsd  tbat  tbe  average  he!  of  eacb  range  for  each  year  is  fairly  lepie- 
lenled  by  tbe  averaga  cost  of  the  respective  tonnages  covered  by  the  cost  Btateiannt>4  this  questloo  can  be 
answered  by  applying  tbeae  isosta  to  tlie  total  production  by  rangee  and  by  years.  Tlie  coet  variations 
as  shown  by  such  a  computation,  are  Inconsiderable,  amounting  to  not  mraathan  tO.CQper  ton  In  anyone 
yew,  and  areraging  only  a  trlQe  in  excess  of  30.01  per  ton  lor  tbe  Qve-year  period. 

The  dominant  importance  of  the  Mesabi  Range  is  apparent  from 
(he  tonnages  of  production.  For  this  five-year  period  the  total  pro- 
duction included  in  this  statement  was  106,268,728  tons,  of  which 
64,484,556,  or  60.7  per  cent,  was  from  the  Mesabi  Range.  The  Mar- 
quette, Menominee,  and  Gogebic  supplied  nearly  equal  proportions 
of  the  total  tonnage  under  consideration,  namely,  11.9  per  cent,  10.7 
per  cent,  and  10.8  per  cent,  respectively.  The  proportion  of  the  Ver- 
milion Range  was  the  smallest,  namely,  5.9  per  cent 
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A  general  factor  causing  differences  in  cost  between  the  different 
ranges  was  the  magnitude  of  mining  operations,  which  may  be  most 
conveniently  noted  here,  as  it  had  some  influence  on  both  mine  cost 
and  general  charges.  The  true  average  output  per  mine,  in  tons,  for 
each  range  and  for  all  ranges  combined  for  the  five-year  period  was 
as  follows: 


Average,  all  ranges 305,000 

The  true  average  output  per  mine  for  the  Mesabi  Range  varied 
from  280,000  tons  in  1904  to  487,000  in  1906 ;  the  production  in  1902 
averaged  364,000  tons  per  mine.  The  true  average  output  per  mine 
for  the  Old  Ranges  varied  from  168,000  tons  in  1904  to  248,000  tons 
in  1906.  The  average  output  per  mine  in  1902,  however,  was  nearly 
the  same  as  in  1906— namely,  247,000  tons. 

The  rapidly  increasing  importance  of  the  Mesabi  Range  is  also 
shown  by  the  tonnages,  which,  from  10,183,593  tons  in  1902,  advanced 
to  18.990,135  tons  in  1906,  an  increase  of  86.5  per  cent.  This  increase 
in  tonnage  covered  by  the  cost  statement  is  comparable  with  an 
increase  for  the  total  production  of  the  Mesabi  Range,  from  13.080.118 
tons  in  1902  to  23,564,891  tons  in  1906,  an  increase  of  80.2  per  cent, 
or  from  48  per  cent  of  the  entire  production  of  Lake  ore  in  1902  to 
62  per  cent  in  1906.  On  the  other  hand,  the  production  of  the  Old 
Ranges  included  in  the  cost  statement  did  not  vary  much.  The  ton- 
nage was  9,395,908  in  1902  and  9,441,706  in  1906,  corresponding  sub- 
stantially with  the  movement  of  the  total  tonnage  of  production 
from  the  Old  Ranges.  It  is  evident,  therefore,  that  the  Mesabi 
Range  was  characterized  not  only  by  larger  mines,  but  that,  unlike 
the  Old  Ranges,  there  was  a  marked  tendency  toward  an  increased 
output  per  mine.  These  facts  undoubtedly  had  a  considerable  influ- 
ence on  the'  costs  of  the  respective  ranges. 

Cost  at  mine.— The  several  ranges  showed  for  the  five-year  period, 
1902  to  1906,  a  variation  in  mine  cost  from  $0.78  for  the  Mesabi  to 
$1,70  for  the  Gogebic,  The  difference  between  the  Mesabi  and  the 
Vermilion  (which  had  the  next  lowest  cost)  was  $0.49,  and  between 
the  Vermilion  and  the  Gogebic,  $0.43;  in  other  words,  the  mine 
costs  for  the  Old  Ranges  differed  less  from  each  other  than  any  one 
of  them  differed  from  the  Mesabi.  The  average  mine  cost  for  the 
Old  Ranges  combined  for  the  five-year  period  was  $1.54,  compared 
with  $0.78  for  the  Mesabi. 
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Direct  operating  expense  at  mine. — The  great  advantage  of  the 
Mesabi  Bange,  just  noted,  was  chie6y  in  the  item  of  mining  labor. 
The  average  of  all  the  ranges  for  this  five-year  period  was  $0,46  and 
varied  from  $0.79  on  the  Marquette  Range  to  only  $0.26  on  the 
Mesabi.  Among  the  Old  Ranges  the  lowest  labor  cost  was  for  the 
Vermilion,  namely,  $0.50,  «■  nearly  twice  as  great  as  for  the  Mesabi. 
The  labor  cost  for  the  Old  Ranges  for  the  five-year  period  averaged 
$0.74,  as  compared  with  $0.26  for  the  Mesabi.  This  very  low  labor 
c(»t  on  the  Mesabi  Range  was  due  partly  to  the  large  deposits  which 
permitted  of  extensive  mine  operations,  and  partly  to  the  nature  of 
the  ore,  which  is  soft  and  easily  worked,  but  chiefiy  to  the  fact  that  a 
large  proportion  of  the  ore  could  be  economically  mined  by  the  open- 
pit  system  of  mining. 

Open-pit  and  underground  mines  on  the  Mesabi  Range. — The  dif- 
ferences in  the  costs  of  open-pit  and  underground  mines  require 
special  consideration,  and  the  details  are  interesting,  moreover,  as 
showing  the  extremely  low  average  costs  of  the  open-pit  mines.  The 
following  table  gives  a  comparison  of  the  mine  costs  of  all  the  open- 
pit  and  underground  mines  on  the  Mesabi  Range  which  are  com- 
prised in  these  cost  statements: 
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'  BtrlpplDg  Is  usually  aasadswd  with  Che  open-pit  mines,  yet  extensive  ittlpplag  la  also  done  For  "milling" 
operattocu,  whlcb  an  claued  hare  with  the  underground  minea.  Stripping  la  oftm  chargaable  also  to  mlnaa 
•rhicfa  fonnoiy  vera  worked  as  opsi  plu,  but  which  have  baen  lelai  tnnsfonaed  Into  undergrotrnd  mines 
wtoi  the  chaosea  in  the  teclmlcal  conditions  of  Tvo<:tuct1an  made  it  necesaarj. 

The  tonnage  from  the  open-pit  mines  constituted  44.9  per  cent  and 
the  tonnage  from  the  underground  mines  55.1  per  cent  of  the  total 
tonnage  of  the  Mesabi  Range  comprised  in  this  cost  statement;  for 
both  groups  of  mines  therefore  the  tonnages  were  sufficiently  large  to 
have  a  really  representative  value. 
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In  considering  the  items  of  cost  shown  in  the  above  table  the  most 
striking  fact  is  the  low  labor  cost  of  the  open- pit  mines,  for  which  the 
average  per  ton  was  $0.10,  as  compared  with  $0,40  for  the  under- 
ground mines. 

Returning  now  to  the  general  comparison  of  costs  by  ranges 
(Table  4),  a  great  difference  between  the  Mesabi  Range  and  the  Old 
Ranges  appears  also  for  the  item  of  suppli^;  the  average' for  all  the 
ranges  was  $0.17  and  varied  from  $0.10  for  the  Mesabi  to  $0.32  for 
the  Menominee.  The  nearest  to  the  Mesabi  was  the  Vermilion,  for 
which  the  cost  of  supplies  was  $0.23.  A  comparison  of  the  less  impor- 
tant items  of  repairs  and  general  mine  expensesshowE  similar  relations 

Depreciation  and  stripping. — In  respect  to  depreciation,  including 
stripping,  the  average  cost  was  $0.15,  and  varied  from  $0.13  for  the 
Mesabi  to  $0.20  for  the  Gt^ebic.  The  next  lowest  to  the  Mesabi  was 
for  the  Marquette  Range,  which  was  $0.15.  The  average  deprecia- 
tion charge  for  the  Old  Ranges  combined  amounted  to  $0.18  per  ton, 
as  compared  with  a  charge  of  $0.13  for  the  Mesabi  Range.  The 
Mesabi  depreciation  charge  showed  an  increase  each  year,  advancing 
from  $0.07  in  1902  to  $0.18  in  1906.  The  depreciation  charge  for  the 
Old  Ranges,  as  a  whole,  showed  no  advance  during  this  period. 

Royalty. — The  average  royalty  for  this  period  was  $0,25  and 
varied  from  $0,10  for  the  Marquette  Range  to  $0,39  for  the  Gogebic, 
The  royalty  for  the  Mesabi  was  $0.26,  or  slightly  over  the  general 
average.  These  average  royalties  were,  of  course,  computed  on  the 
total  tonnage  mined  in  each  instance,  irrespective  of  the  fact  whether 
royalty  was  paid  on  all  ore  or  not,  and  this  fact  accounts  in  a  con- 
siderable degree  for  the  variations  noted.  The  following  table  shows 
the  percentage  of  the  tonnage  mined  from  royalty  mines,  by  ranges, 
for  the  production  covered  by  the  above  cost  statement,  together  with 
the  average  royalty  computed  on  the  royalty  mine  tonnages  and  on 
the  total  tonnages : 

TiELK  a.— PERCENTAGE  OF  ORE  TONNAGE  FROU  ROYALTY  MINES  IN  LAKE  ORE 
REGION  TO  TOTAL  TONNAGE  INCLUDED  IN  COST  STATEMENTS  AND  AVERAGE 
ROYALTY  PER  TON  FOR  ROYALTY  MINES  ONLY  AND  FOR  ALL  UDJES,  BY  RANGES, 
FIVE  YEARS,  1802-1900. 
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The  low  average  royalty  for  the  Marquette  Range  is  explained  by 
the  fact  which  is  shown  in  this  table,  namely,  that  only  39.1  per  cent 
of  the  tonnage  mined  was  affected  by  royalty  payments.  The  Go- 
gebic was  the  only  range  for  which  all  the  production  covered  wae 
from  royalty  mines.  Over  97  per  cent  of  the  tonnage  of  the  Mesabi 
was  from  royalty  mines,  so  that  the  average  royalty  on  the  total  ton- 
nage differed  from  the  average  royalty  for  royalty  mines  alone  by 
only  1  cent  per  ton.  For  the  Menominee  Range  the  situation  was 
nearly  the  same  as  for  the  Mesabi.  The  average  royalty  for  all  the 
production  for  the  five-year  period  1902  to  1906,  as  noted  above,  was 
$0.25  per  ton,  but  for  the  royalty  mines  alone  $0.28. 

Rajl  freight. — The  average  charge  for  rail  freight  for  all  the 
ranges  for  the  five-year  period  1902  to  1906  was  $0.67  per  gross  ton. 
and  ranged  from  $0.30  for  the  Marquette  to  $0.99  for  the  Vermil- 
ion.    That  for  the  Mesabi  was  $0.80. 

Marquette  Range.-^'X^M  ore  from  the  Marquette  Range  was  shipped 
chiefly  to  Marquette  or  adjacent  points  <hi  Lake  Superior,  but  partly 
to  Escanaba,  on  Lake  Michigan,  the  haul  to  Marquette  ranging  from 
about  12  to  36  miles,  and  to  Escanaba  from  about  62  to  89  miles. 
The  rates  for  the  mines  on  the  Marquette  Range  to  the  port  of  Mar- 
quette were  not  uniform  and  do  not  seem  to  have  been  proportional 
to  the  length  of  the  haul.  This  is  partly  explained  by  the  fact  that 
two  railroads  were  engaged  in  this  traffic.  The  freight  charges  from 
the  mines  to  the  port  of  Marquette  were  $0.25  and  $0.30  per  ton  and 
from  the  mines  to  Escanaba  $0.40.  The  average  for  the  five-year 
period  for  mines  covered  by  the  cost  statement  was  $0.30  for  all  the 
shipments. 

Me7U>minee  Ran-ge. — The  ore  from  the  Menominee  Range  was 
shipped  chiefly  to  the  Lake  Michigan  port  of  Escanaba.  The  haul 
is  about  43  miles  on  the  average.  The  ore  freight  was  a  common  rate 
of  $0.40  from  all  the  mines  to  Escanaba. 

Gogebic  Range. — For  the  Gogebic  Range  the  haul  to  Ashland  on 
Lake  Superior,  the  nearest  shipping  point,,  averages  about  45  miles, 
and  a  group  rate  of  $0.40  prevailed  for  all  the  mines. 

Vermilion  Range. — The  ore  from  the  Vermilion  Range  requires 
the  longest  haul  to  reach  the  Lakes,  The  principal  mine  shipping 
pomts  for  which  distinct  group  rates  appear  to  have  been  made,  cov- 
ering adjacent  mines,  were  Ely  and  Tower.  From  Ely  to  Duluth  the 
distance  is  117  miles,  and  from  Tower  to  the  same  port  99  miles ;  from 
Ely  to  Two  Harbors  it  is  90  miles  and  from  Tower  to  the  same  port 
"2  miles.  The  freight  rate  from  Tower  to  upper  Lake  ports  was 
$0.90  and  from  Ely  $1.  All  of  the  mines  took  either  one  or  the  other 
of  these  two  rates.  The  average  for  the  Vermilion  Range,  as  noted 
above,  was  $0,99  for  the  whole  five-year  period,  or  very  nearly  the 
rate  from  Ely. 
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Mesabi  Range. — For  the  Mesabi  Range,  which  is  served  by  three 
different  railroads,  the  length  of  haul  shows  considerable  variations, 
although  a  uniform  rate  was  made  for  all  the  mines  to  the  upper  Lake 
ports — Duluth,  Two  Harbors,  and  Superior.  Over  the  Duluth  & 
Iron  Hange  Railroad,  the  haul  from  Biwabik  to  Two  Harbors  is  only 
61  miles  and  to  Duluth  88  miles ;  and  from  Eveleth  to  Two  Harbors 
73  miles,  and  to  Duluth  100  miles.  For  the  Duluth,  Missabe  &  North- 
em  Railway  the  average  haul  to  DuluUi  is  about  80  miles.  For  the 
Great  Northern  Railway  the  haul  to  Superior  is  about  118  miles 
from  Hibbing  and  140  miles  from  Virginia.  All  these  railroads, 
however,  chatged  the  same  rate  from  any  mine  in  this  range  to  any 
of  these  upper  Lake  ports,  namely,  $0.80  per  gross  ton.  The  Mesabi 
Range  ore,  therefore,  had  a  freight  charge  to  upper  Lake  ports  twice 
as  great  as  any  of  the  Old  Ranges,  excepting  the  Vermilion,  which 
had  the  highest  rate,  but  the  smallest  tonnage  of  all.  The  higher 
freight  charged  to  upper  Lake  ports  from  the  Mesabi  and  Vermilion 
Ranges  offset  in  part  their  lower  mine  costs,  as  ccxnpared  with  the 
other  ranges. 

Lake  FREioHT.~The  average  charge  for  Lake  freight  for  the  five- 
year  period,  1902  to  1906,  for  all  the  I^ake  ore  covered  by  the  cost 
statement  was  $0.74,  and  varied  from  $0.59  for  the  Menominee  Range 
to  $0.77  for  the  Gogebic,  Mesabi,  and  Vermilion  Ranges. 

The  variation  in  Lake  freight  charges  for  the  different  ranges 
depends  on  the  distances  of  the  various  upper  Lake  ports  from  the 
usual  ports  of  delivery  on  the  lower  Lakes.  It  should  be  observed 
that  the  established  custom  was  to  apply  the  ore  rate  fixed  for 
a  given  upper  Lake  port  to  the  carriage  of  ore  to  any  one  of  a  group 
of  lower  Lake  ports  (on  Lake  Erie),  although  this  option  as  to  the 
port  of  delivery  involved  also  considerable  differences  in  the  distance. 
The  ports  near  the  western  end  of  Lake  Superior,  namely,  Duluth, 
Superior,  Two  Harbors,  and  Ashland,  known  as  "  head  of  the  Lake  " 
ports,  took  the  same  rate.  Marquette,  on  Lake  Superior,  and 
Escanaba,  on  Lake  Michigan,  each  took  a  different  rate. 

The  most  important  Lake  Erie  ports  during  the  period  under  con- 
sideration were  Cleveland,  Ashtabula,  Conneaut,  and  Hnffalo,  with 
Lorain,  Toledo,  Fairport,  and  Erie  in  the  second  rank. 

Unlike  the  railroad  rates  for  the  transportation  of  ore  from  the 
mines  to  upper  Lake  ports,  which  were  practically  tmehanged  during 
the  period  covered  by  this  cost  statement,  the  Lake  freights  varied 
somewhat  from  year  to  year,  and  the  relation  of  the  rates  between 
certain  upper  Lake  ports  were  not  uniform  during  this  period.  The 
general  system  of  making  the  Lake  rates  has  already  been  described. 
(See  p.  39.)  The  average  contract  and  wild  rates  by  years  from  1902 
10  1906,  inclusive,  are  shown  in  the  table  following. 


n,s,t,..d:,i.  Google 


BOOK  COST  OF  IHON   QBE,  1902  TO  1906. 


[In  dollus  per  groaa  tco.] 


HndoTLBkaiKHii. 

l£*iqu«tte. 

EKUUb*- 

Ti«r. 

Contnct. 

WUd. 

Cmlnct 

Wild. 

Conmct 

Wild. 

1»? 

I0.7S 

10. 7T 

10.70 

IO.W 

•0.60 

10.  M 

UK 

.86 

.81 

.n 

.n 

.«t 

IKM 

.70 

.70 

.00 

.01 

.K 

.S3i 

1901 

.7S 

.70 

.70 

.K 

um 

.71 

.7Si 

.70 

.TO 

-TO 

-n 

'  DulDtb,  Boparlor,  Two  Hubore,  and  AriUand. 

The  wild  rates  conformed,  on  the  whole,  pretty  closely  to  the  con- 
tract rates  at  which  the  bulii  of  tonnages  was  carried.  Comparing  the 
contract  rates  for  the  different  ports  it  will  be  observed  that,  in 
general,  the  charge  from  the  "  head  of  the  Lake  "  ports  was  $0.05 
per  ton  higher  than  from  Marquette  and  $0,15  per  ton  higher  than 
from  Escanaba.  In  1903  and  1904,  however,  the  difference  between 
the  "  head  of  the  Lake  "  rate  and  Marquette  was  $0,10,  and  in  1904 
between  Marquette  and  Escanaba  $0.05, 

Tlie  Lake  freight  charges  were  highest,  therefore,  for  the  ore  of  the 
Mesabi,  Vermilion,  and  Gogebic  Ranges,  and  lowest  for  the  Mar- 
quette and  Menominee. 

The  total  transportation  charges  from  the  mines  to  lower  Lake 
ports  averaged  $1.41  per  ton  and  varied  from  $0,98  for  the  Marquette 
Range  to  $1.76  for  the  Vermilion.  The  Mesabi  Range  averaged 
$1.57  and  was  from  $0.40  to  $0,59  higher  than  for  the  Michigan 
ranges. 

The  high  transportation  charges  for  the  ore  of  the  Mesabi  Range 
as  compared  with  that  of  the  Michigan  (but  not  the  Vermilion) 
ranges  largely  offset  its  much  tower  mine  costs.  (See  Table  4,  p.  41.) 
General  chaboes.— The  additional  costs  from  the  profit  and  loss 
accounts  show  considerable  variations  when  compared  by  ranges. 
The  average  additional  cost  in  the  aggregate  (i.  e.,  including  general 
expense,  taxes,  and  depreciation)  for  the  five-year  period  1902  to 
1906  was  $0.16,  and  varied  frran  $0.10  for  the  Mesabi  Range  to  $0,31 
for  the  Menominee.  These  differences  were  probably  due  very  largely 
to  accounting  variations,  though  the  relatively  low  charges  for  the 
Mesabi  Range  may  be  partly  attributed  to  the  large  output  per 
mine  and  the  relatively  high  charges  for  the  Marquette  and  Menom- 
inee Ranges  to  the  small  output  per  mine.  The  additional  depre- 
ciation averaged  for  all  the  ranges  $0.05,  and  varied  from  $0.01  for 
the  Mesabi  to  $0.18  for  the  Menominee.    The  chief  reason  for  this 
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extraordinary  variation  is  probably  to  be  found  in  differences  in  ac- 
counting practice — either  in  taking  or  not  taking  account  of  deprecia- 
tion in  the  mine  cost  or  in  including  replacement  charges  in  costs  along; 
with  ore  exhaustion,  strictly  speaking.  It  is  important  to  consider 
these  charges  in  connection  with  the  depreciation  (including  strip- 
ping) contained  in  the  mine  cost.  Combining  them  the  following 
total  depreciation  is  found : 
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It  appears,  therefore,  that  the  average  depreciation  (includina: 
stripping)  for  the  total  production  covered  by  these  cost  statements 
was  $0.20,  and  varied  from  $0.14  for  the  Mesabi  Range  to  $0.37  for 
the  Menominee.  The  higher  depreciation  charges  on  the  Michigan 
ranges  may  have  been  due  In  part  to  relatively  small  tonnages  of  out- 
put, to  rapid  exhaustion  of  the  mines,  and  to  the  endeavor  to  make  up 
depreciation  accounts,  previously  somewhat  neglected.  It  is  note- 
worthy that  for  both  the  Gogebic  and  Menominee  Ranges  depreciation 
was  higher  than  for  the  Marquette,  although  for  both  the  former 
ranges  practically  all  of  the  mines  were  royalty  mines.  From  what- 
ever standpoint  the  question  is  examined  it  seems  that  the  deprecia- 
tion charges,  at  least  for  the  Michigan  mines,  were  probably  excessive. 

Total  book  cost  at  loweb  Lake  ports. — The  total  book  cost  at 
lower  Lake  ports,  i.  e.,  the  mine  and  transportation  cost  plus  the 
general  charges  from  the  profit  and  loss  accounts,  is  the  basis  on 
which  the  ore  is  sold  at  lower  Lake  ports  or  other  points  of  delivery. 
It  avera^d,  for  all  the  production  covered  by  the  cost  statements 
$2.64  and  ranged  from  $2.46  for  the  Mesabi  ore  to  $3.20  for  the  Ver- 
milion. (See  Table  4,  p.  41.)  Nearest  to  the  Mesabi  cost  was  the 
Marquette,  with  an  average  cost  of  $2.62,  while  the  Gogebic,  with 
$3,09,  was  nearly  as  high  as  the  Vermilion.  The  fact  that  the  Mesabi 
Range  had  decidedly  the  lowest  costs  and,  on  the  other  hand,  by  far 
the  largest  production,  put  it  in  a  class  by  itself,  and  justifies  the 
commercial  distinction  of  Mesabi  and  Old  Range  ores.  The  book 
cost  for  the  Old  Ranges  combined  for  the  five-year  period  averaged 
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$2.93,  as  against  $2.45  for  the  Mesabi  Range.  The  lowest  Old  Range 
cost  for  any  year  was  $2.83,  in  1905,  as  against  $2.37  for  the  Mesabi ; 
the  highest  Old  Range  cost  for  any  year  was  $3.03,  in  1903,  as  against 
$2.53  for  the  Mesabi  Range. 

The  total  average  book  cost  for  all  ranges,  $2.64,  as  already  noted, 
included  large  profits  to  railroads  and  substantial  profits  to  ore  fleets 
in  the  charges  for  rail  and  Lake  transportation,  which  accrued  in 
large  part  to  the  steel-making  interests  consuming  the  ore.  Thus, 
the  rail  rates  charged  on  a  large  part  of  the  Mesabi  and  Vermilion 
ore  yielded  a  large  profit  to  the  Steel  Corporation,  while  several 
producing  companies,  including  the  Steel  Corporation,  operated  ore 
vessels  and  made  considerable  profits  on  the  ore  carried  by  water. 

Section  S.  Book  cost  of  Soutlieni  iioii  ore,  1902-1906. 

Iron  ore  is  found  in  many  parts  of  the  South  and  its  geographical 
occurrence  Is  far  broader  than  the  region  in  which  mining  has  been 
undertaken.  For  the  purpose  of  the  present  discussion  of  the  mining 
industry  the  Southern  ore  region  may  he  described  as  comprising  the 
mining  districts  of  central  Alabama,  southeastern  Tennessee,  and 
northwestern  Georgia.  The  center  and  by  far  the  most  important 
part  of  this  mining  and  iron-making  industry  is  in  the  vicinity  of 
Birmingham,  Ala.,  and  this  district  is  sometimes  spoken  of,  therefore, 
as  the  Birmingham  district. 

The  iron  ores  are  of  two  chief  sorts,  commonly  known  as  red  ore 
and  brown  ore.  The  red  ore  runs  about  33  to  43  per  cent  iron  and 
iften  contains  enough  lime  with  it  to  be  almost  self-fluxing.  The 
lirown  ore  generally  requires  washing  before  it  is  put  into  the  blast 
furnace,  and  in  that  ctmdition  usually  runs  from  40  to  50  per  cent 
iron.  About  68  per  cent  of  the  total  production  in  the  five  years 
1902  to  1906  was  red  ore.  Both  of  these  kinds  of  Southern  ore  con- 
tain considerable  phosphorus,  so  that  they  are  outside  of  the  Bessemer 
limit.  Partly  on  this  account  they  were  used,  until  recently,  almost 
entirely  for  the  manufacture  of  foundry  iron.  Quite  recently,  and 
almost  wholly  since  the  period  covered  by  these  1902  to  1906  cost 
statements,  there  has  been  a  development  of  production  of  basic 
eteel-making  iron  (for  the  duplex  process). 

For  the  five-year  period  1902  to  1906  the  total  iron-ore  production 
of  Alabama,  Tennessee,  and  Georgia  was  24,285,192  tons,  or  only 
12.9  per  cent  of  the  total  production  of  the  United  States.  This  small 
production  was  partly  due  to  the  backward  condition  of  the  Southern 
iron  industry  and  partly  to  its  unfavorable  location  with  respect  to 
the  markets  of  consumption. 

The  ore  is  not  diflicult  to  mine,  being  generally  near  the  surface. 
The  brown  ore  is  worked  from  open  pits,  but  costs  more  to  mine 
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than  the  red  ore,  however,  chiefly  on  account  of  the  cost  of  wash- 
ing. The  mining  operations  in  this  district  are  not  generally  con- 
ducted on  a  large  scale,  although  the  United  States  Geological  Survey 
report  shows  a  production  for  1906  from  one  group  of  mines  of  over 
1,200,000  tons  and  three  other  mines  with  outputs  exceeding  100,000 
tons  each  in  the  same  year. 

Ore  mining  is  carried  on  chiefly  by  a  few  large  companies  which 
are  also  engaged  in  the  production  of  coal,  coke,  and  pig  iron  in  the 
immediate  vicinity  of  the  ore  mines.  These  companies  own  most  of 
the  best  ore  deposits  in  fee.  There  is,  however,  a  considerable  num- 
ber of  small  concerns.  The  intimate  local  relation  of  the  production 
of  iron  ore  and  blast-furnace  fuel  is  the  most  striking  advantage  of 
the  Southern  district.  The  costs  of  transportation  for  assembling  the 
materials  for  making  pig  iron  are  therefore  very  small.  The  climatic 
conditions  of  this  region  also  permit  the  continuous  operation  of 
the  mines  practically  throughout  the  year,  so  that  it  is  not  necessary 
to  carry  large  stocks  of  ore  or  other  materials.  The  fundamental 
technical  conditions  are  therefore  extremely  favorable.  On  the 
other  hand,  there  are  certain  specific  disadvantages  which  (com- 
bined with  the  relatively  backward  conditions  of  industry  in  the 
South)  have  somewhat  neutralized  its  strong  technical  position, 
namely,  (1)  the  less  efiicient  character  of  the  labor,  and  (2)  the 
greater  cost  of  reaching  large  markets  of  consumption. 

The  form  of  cost  sheet  for  Southern  ore  is  simpler  than  for  Lake 
ore  because  (1)  there  were  no  transportation  charges  to  be  accounted 
for,  and  (2)  all  expenses  were  absorbed  in  mine  cost.  The  average 
costs  of  Southern  red  ore  and  of  Southern  brown  ore  and  of  both 
kinds  combined,  for  the  five-year  period  1902  to  1906,  are  shown  in 
the  following  table: 


(Iiidolknp«sr(nstoa.) 

IWl 

leos 

1«M 

leu 

1M« 

Total  aDd 
B  years. 

1,723.912 

I,8M,1H 

1,»B.403 

2,017.030 

2,1S1.903 

!.>» 

•0.17 
.10 
.09 
.02 
.07 

to.ti 

.08 
.05 
.01 
.OS 

10. « 
.07 
.03 

10.47 
.08 
.08 

.01 

.07 
.08 

,os 

.n 

.71 

.68 

.80 

.78 

n,s,t,..d:,i.  Google 


BOOK  COST  OF  IBON   OBE,  1902  TO  1906. 


im 

im 

loot 

1MB 

itoe 

TotMand 

as,m 

102,077 

■01,101 

M7,fll4 

(14,680 

10. 82 
.06 

.OB 

.OS 

:« 

.OE 

*).6t 

.05 

■  0) 

to.» 

.00 
.00 
.04 
.M 

.0» 
.10 
.04 
.05 

.05 

.87 

.80 

.83 

.81 

.« 

2, 179,  KB 

JO.W 
.08 
.01 
.03 

!,M8,aii 

I0.S8 
.00 

3.Mt.lM 

10.M 
.07 
.01 

2,S74,UO 

10. 4» 
.08 
.00 
,02 

2,eM,IW8 

tO.M 

.11 

.07 

.03 
.08 

.06 

.74 

' 

.71 

.00 

.80 

73 

Considering  first  the  cost  of  all  the  Southern  ore  included  in  the 
above  statement,  it  will  be  noted  that  the  total  output  of  12,164,584 
tons  was  distributed  quite  evenly  over  the  five  years  covered  by  the 
table,  with  a  slightly  increasing  output. 

The  cost  shown  in  the  table  covers  only  the  items  of  cost  at  the 
mine,  as  the  ore  was  produced  in  the  neighborhood  of  the  iron  works 
which  consumed  it  and  generally  sold  at  or  near  the  mine. 

The  total  mine  cost  averaged  $0.73  for  the  five-year  period  1902  to 
1906,  and  ranged,  frcan  $0.69  in  1905  to  $0.80  in  1906.  This  move- 
ment in  mine  cost  was  largely  determined  by  the  variation  in  labor 
cost,  which  was  the  principal  item.  The  mining  labor  averaged 
$0.52  and  ranged  from  $0.49  in  1905  to  $0.54  in  1906.  The  other  items 
were  comparatively  unimportant  and  the  annual  variations  small. 

Almost  all  the  production  was  from  fee  mines,  but  there  were  a 
few  royalty  mines  included  also.  The  item  of  depreciation  and  roy- 
alty covered  all  the  charges  under  both  of  these  heads,  and  the  charges 
were  distributed  over  the  total  output.  These  charges  were  compara- 
tively low,  the  average  for  the  five-year  period  being  only  $0.05,  (1) 
because  the  ore  cost  very  little  when  acquired  and  the  royalties  where 
they  existed  at  all  were  very  low  and  (2)  because  the  improvements 
necessary  to  open  the  mines  were  comparatively  slight  and  hence 
involved  low  depreciation  charges. 

Red  ore. — Of  the  total  productitm  of  Southern  ore  comprised  in 
the  preceding  cost  statement,  namely,  12,164,584  tons,  79.2  per  cent, 
or  9,631,388  tons,  was  of  red  ore.    Most  of  the  ore  production  of  the 
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South,  as  stated  above  (see  p.  49)  was  of  re3  ore,  though  not  quite 
such  a  large  proportion  as  in  the  above  statement.  The  production 
of  red  ore  covered  by  this  table  showed  a  slight  increase  in  each  year 
except  1904. 

The  total  mine  cost  averaged  $0.70  for  the  five-year  period  1902  to 
1906,  and  ranged  from  $0.66  in  1905  to  $0.76  in  1906.  Most  of  this 
was  the  cost  of  labor,  which  averaged  $0.49  and  ranged  from  $0.47 
in  1902  and  1905  to  $0.51  in  1903. 

The  other  expense  items  were  practically  the  same  as  for  the  aver- 
age of  all  Southern  ore,  because  the  red  ore  constituted  about  four- 
fifths  of  the  total. 

Brown  ore. — The  total  production  of  brown  ore  covered  by  this 
cost  statement  for  the  five-year  period  was  2,533,196  tons,  the  annual 
tonnages  showing  small  or  moderate  increases  in  every  year  except 
the  last,  which  showed  a  decline. 

The  total  mine  cost  averaged  $0.86  for  the  five-year  period  and 
ranged  from  $0.80  in  1903  to  $0.98  in  1906,  an  increase  of  $0.18  per 
ton.  This  increase  was  largely  in  the  last  year.  The  total  cost  as 
well  as  this  sudden  increase  just  noted  depended  chiefly  on  the  labor 
cost,  which  averaged  $0.63  and  ranged  from  $0.59  in  1905  to  $0.70  in 
1906.  Taking  the  five-year  averages,  the  labor  cost  of  brown  ore 
was  $0.63  as  compared  with  only  $0.49  for  red  ore.  While  the  brown 
ore  was  obtained  from  open  pits  and  was  cheaply  extracted,  it  required 
washing  before  being  put  into  the  blast  furnace.  This  involved  a 
considerable  labor  cost  which  placed  it  at  a  disadvantage  compared 
with  red  ore,  as  shown  above. 

Section  6.  Book  coat  of  iron  ore,  other  distriots,  1902-1906. 

^Vhile  the  great  bulk  of  the  ore  produced  or  used  in  the  United 
States  came  from  the  Lake  and  Southern  districts  described  above, 
there  was,  however,  a  considerable  tonnage  which  was  derived  from 
other  localities,  domestic  and  foreign.  The  total  tonnage  so  produced 
would  not  be  of  much  significance  if  it  were  chiefly  used  in  connec- 
tion with  the  great  production  of  the  Lake  region,  but  as  it  was  the 
basis  in  large  part  of  iron  making  in  certain  districts  which  did  not 
use  Lake  ore,  or  only  a  relatively  small  proportion  of  it,  the  costs  of 
these  ores  are  of  some  interest.  It  is  difficult,  however,  to  make  any 
satisfactory  statement  regarding  the  costs  of  these  ores  because  if 
the  districts  were  described  individually  it  would  result  in  revealing 
the  conditions  of  business  of  certain  particular  mining  companies  and 
iron -producing  companies,  while  if  the  figures  were  combined  into  a 
general  average  they  would  not  mean  much. 

The  principal  ores  referred  to  here,  for  which  the  Bureau  received 
cost  reports,  were  the  Adirondack  ores  of  New  York;  the  Cornwall 
ores  of  Pennsylvania;  the  Rocky  Mountain  ores,  principally  those  of 
southern  Wyoming;  and  the  ores  of  southern  Cuba.    As  the  condi- 
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tions  of  production  were  distioctly  different  for  each  locality,  it  is  evi- 
dent that  averages  would  not  be  satisfactory.  Nevertheless,  certain 
averages  have  been  made  up,  namely,  (l)  for  all  ore  produced  in  the 
eastern  district  of  the  United  States,  and  (2)  for  all  other  ore,  in- 
cluding both  the  Rocky  Mountain  and  the  Cuban  ore,  as  a  miscella- 
neous class.  These  are  given  in  Table  II,  p.  539,  with  the  caution 
that  the  averages  indicate  only  in  a  general  way  the  relation  of  ore 
costs  either  to  the  ore-mining  industry  or  to  the  iron-producing 
industry. 
Section  7.  Froflts  on  tale*  uid  truufers  of  iron  on. 

Lake  ore, — ^It  has  been  explained  already  that  practically  all  Lake 
ore  is  delivered  at  ports  on  Lake  Erie  and  lower  Lake  Michigan 
for  sale  or  transfer  to  companies  operating  blast  furnaces.  ^ATien 
such  sale  or  transfer  is  made  the  ore  companies  generally  obtain  a 
large  profit,  and  a  record  is  made  of  the  transactions,  showing  the 
price  of  the  ore,  its  cost,  and  the  profit  received.  These  records  of 
cost  and  profit  are  of  considerable  interest,  not  only  for  comparison 
with  the  costs  determined  from  the  various  cost  sheets  of  the  ore 
companies  but  also  because  the  profit  is  shown.  The  company  to 
which  the  ore  is  sold  or  transferred  has  to  pay  this  profit  in  the  pur- 
chase price,  and  thus  it  becomes  a  part  of  the  cost  of  the  nest  stnge 
of  production. 

In  like  manner  most  of  the  ore  transferred  by  ore  companies  to 
affiliated  iron  manufacturing  companies  is  transferred  at  a  profit. 
The  prevailing  custom  in  such  cases  appears  to  be  for  the  ore-mining 
company  to  charge  the  ore  to  the  iron-making  company  at  a  price 
which  corresponds  to  the  ruling  market  price,  making  the  usual 
allowances  for  grade  and  specific  quality  as  shown  by  analysis.  In 
a  few  eases,  however,  transfers  are  not  made  at  ruling  prices  but 
at  cost  or  at  some  arbitrary  figure. 

The  following  table  shows  the  average  costs,  prices,  and  profits  for 
sales  and  transfers  of  all  the  tonnages  reported  to  the  Bureau  for 
the  years  1902  to  1906,  inclusive: 

TiBLi  10.~BOOK  COSTS,  PKICES,  AND  PROFITS  FOB  LAKE  OKE    SOLD    OR   TRANS 

FERRED,  BY  YEARS,  1901-1909.1 
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Considering  fiirst  the  total  tonnage  sold  and  transferred,  which  is 
shown  in  this  statement,  it  will  be  noted  that  the  quantity  (namely, 
109,424,041  tons)  was  greater  than  the  quantity  of  production,  as 
shown  in  the  cost  sheets  (namely,  106,268,728  twis). 

In  the  discussion  of  the  average  cost  of  Lake  ore  in  general  (see 
pp.  34-40) ,  it  was  shown  that  the  tonnages  shipped  from  lower  Lake 
ports  were  not  exactly  the  same  as  the  tonnages  produced,  largely  on 
account  oi  shipments  from  stock  instead  of  from  current  production. 
It  was  also  pointed  out  that  the  computation  of  costs  at  lower  Lake 
ports  on  the  basis  of  tonnage  mined  involved  adjustments  in  regard 
to  certain  items,  particularly  transportation  charges  on  account  of 
the  differences  in  the  tonnages  produced  and  shipped.  For  these  and 
various  other  reasons  the  tonnage  of  ore  sold  and  transferred  to  other 
companies  at  lower  Lake  ports  did  not  exactly  equal  the  tonnages 
shown  in  the  cost  statements  previously  given.  From  these  facts  it 
naturally  follows  that  the  average  costs  were  not  precisely  the  same, 
although  they  must  have  been  nearly  so,  because  in  the  main  the  total 
tonnage  was  made  up  of  the  same  lots  of  ore.  Consequently,  the 
average  cost  of  all  the  ore  for  the  five-year  period  in  the  preceding 
table,  namely,  $2.67  per  ton,  was  not  exactly  the  same  as  the  average 
cost  as  computed  from  the  cost  sheets,  namely,  $2.64  per  ton,  and, 
similarly,  for  each  year  separately. 

Comparing  the  costs  of  the  two  groups  (sales  and  transfers)  in- 
cluded in  the  above  table,  it  will  be  noted  that  for  the  five-year 
period  the  average  cost  of  sales  was  ^,54  and  the  average  cost  of 
transfers  was  $2.72,  As  no  two  lots  of  ore  cost  the  same  per  ton, 
and  as  the  tonnages  comprised  in  the  sales  were  composed  of  entirely 
different  lots  of  ore  from  those  comprised  in  the  transfers,  there 
necessarily  resulted  a  difference  in  the  average  costs.  Thus,  some 
mines  were  operated  by  companies  which  sold  all  their  ore,  while 
other  mines  were  operated  by  companies  which  sold  none.  This  differ- 
ence, which  is  noted  for  the  five-year  period,  applied  of  course  to  the 
individual  years  also.  In  each  year  the  cost  of  the  ore  sold  was  lower 
than  the  cost  of  the  ore  transferred.  The  average  difference  for  the 
five-year  period  was  $0.18  per  ton  and  ranged  from  $0.08  in  1906 
to  $0.31  in  1903. 

There  were  much  more  marked  differences  in  respect  to  prices  for 
sales  and  transfers  than  in  respect  to  costs.  The  average  price  of 
transfers  for  the  five-year  period  was  $3.47  per  ton  and  the  average 
price  of  sales  $2.98,  giving  a  difference  of  $0.49  per  ton.  Similar 
large  differences  existed  for  each  year,  ranging  from  $0.24  in  1905  to 
$0.84  in  1903.  These  differences  in  prices  were  due  to  two  reasons, 
namely,  (1)  difference  in  the  grade  and  analysis  of  the  ore;  (2) 
difference  in  the  conditions  of  price  making.  That  price  differences 
should  exist  on  account  of  the  fact  that  the  tonnages  were  different 
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ind  related  to  different  grades  and  analyses  of  ore  is  obvious.  The 
conditions  of  sale,  however,  were  also  important.  The  prices  of  ore 
sold  were  determined  by  the  ordinary  commercial  conditions  of  price 
making,  although  it  should  be  remembered  that  ore  pnces  to  a  large 
extent  were  determined  by  more  or  less  definite  agreements  about 
standard  grades,  from  which  the  prices  of  particular  lots  were  fixed 
according  to  the  analysis  of  the  ore.  The  prices  of  ore  transferred, 
on  the  other  hand,  Fere  largely  fixed  by  the  arbitrary  policy  of  the 
company  which  produced  and  used  it.  Generally  speaking,  however, 
the  policy  in  fixing  transfer  prices  was  to  keep  them  closely  to  the 
market  basis  so  that  the  ore  companies  generally  got  all  the  profit  on 
the  ore,  whether  sold  or  transferred,  which  their  cost  of  production 
and  the  market  price  would  indicate. 

The  average'  profit  on  all  the  ore,  whether  sold  or  transferred,  was 
$0.66  per  ton,  and  ranged  from  $0.36  in  1904  to  $0.87  in  1903.  The 
low  profits  of  1904  are  explained  by  the  slump  which  took  place  in 
the  ore  market  on  account  of  bad  times  in  the  iron  trade  in  that 
year. 

For  the  five-year  period  the  average  profit  on  the  ore  transferred 
was  $0.75,  ranging  from  $0.43  in  1904  to  $1.02  in  1903,  while  the  aver- 
age profit  on  the  ore  sold  was  only  $0.44  and  ranged  from  $0.16  in  1904 
to  $0.54  in  1906.  That  high  rat«s  of  profit  should  be  charged  on  sales 
and  transfers  of  iron  ore  is  a  very  significant  fact  and  one  that  had 
far-reaching  consequences  for  the  costs  of  all  products  derived  from 
iron  ore  so  transferred.  It  is  noteworthy  that  the  profits  on  the 
transfers  averaged  more  than  the  profits  on  the  sales.  This  can  not 
be  explained  by  the  supposition  that  the  ore  sold  was  of  undesirable 
grades  and  analyses,  but  it  is  partly  explained  by  the  fact  that  some 
of  the  ore  was  sold  on  old  long-term  contracts  when  prices  of  ore 
generally  were  lower.  The  evidence  all  goes  to  show  that  when  the 
ore  was  transferred  it  was  generally  charged  at  full  market  quota- 
tions, but  that  some  of  the  ore  sold  was  disposed  of  at  lower  i-ates. 

This  is  a  very  important  fact,  both  in  relation  to  the  profits  of  the 
Lake  ore-producing  companies  and  the  consumers  of  Lake  ore, 
because  these  profits  were  thus  made  a  part  of  the  cost  of  production 
in  the  next  stage,  namely,  the  manufacture  of  pig  iron.  Further- 
more, these  profits  on  ore  were  very  large,  on  the  average,  as  will 
be  shown  specifically  in  another  place,  (See  p.  495.)  As  the  ore 
profits  which  went  into  the  cost  of  pig  iron  were  very  large,  those 
producers  of  pig  iron  which  did  not  mine  their  own  ore  were  put  at  a 
great  disadvantage. 

The  statements  of  cost  of  sales  and  transfers  do  not  furnish  data 
respecting  the  difference  in  cost,  prices,  and  profits  for  the  ore  of 
different  ranges,  nor  for  the  ore  of  different  grades,  such  as  Bessemer 
and  non-Bessemer,  altliough  these  may  be  approximately  determined 
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in  the  manner  described  and  worked  out  in  another  part  of  this 
report.  (See  p.  278.)  From  the  results  of  these  computations  it 
is  possible  to  trace  with  considerable  accuracy  the  relation  of  ore 
profits  to  the  cost  of  ore  in  pig  iron  for  the  principal  grades. 

Southern  ore. — The  great  bulk  of  the  Southern  ore  covered  by  tlie 
reports  made  to  the  Bureau  was  produced  by  companies  which  had 
blast  furnaces  in  the  vicinity  of  the  mines  and  used  most  of  the  ore 
they  produced.  The  mining  operations  were  generally  conducted 
under  the  same  management  as  the  furnace  operations  and,  conse- 
quently, the  general  practice  was  to  transfer  the  ore  at  cost.  Only  a 
very  small  proportion  of  the  ore  was  sold,  namely,  551,971  tons  out 
of  12^10,476  tons,  or  4.5  per  cent.  The  profits  on  the  ore  sold  were 
large. 

In  the  following  table  are  shown  the  book  coats,  prices,  and  profits 
per  ton  of  ore  sold  and  transferred  (red  ore  and  brown  ore  combined) 
for  all  the  ccanpanies  producing  Southern  ore  which  are  included  in 
the  cost  statements : 
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The  average  cost  for  the  ore  sold  for  the  five-year  period  1902  to 
1906  was  $0.75  and  for  the  ore  transferred  $0,74.  While  the  average 
costs  were  substantially  the  same,  there  were  slight  differences  in 
particular  years,  as  might  be  expected,  in  view  of  the  fact  that 
they  were  composed  of  different  tonnages  of  ore  production.  The 
average  prices,  on  the  other  hand,  were  very  different;  for  the  five- 
year  period  the  average  price  of  Uie  ore  sold  was  $1.15  per  ton 
and  of  the  ore  transferred  only  $0.76,  a  difference  of  $0.39  per  ton. 
This  great  difference  is  explained,  of  course,  by  the  fact  that  the  ore 
transferred  was  charged  at  prices  which  showed  little  or  no  profit, 
and  was  not  due  primarily,  at  least,  to  differences  in  quality.  The 
average  profit  on  the  ore  sold  for  the  five-year  period  was  $0.40  and 
only  $0.02  for  the  ore  transferred,  as  most  of  it  was  transferred  at 
cost. 
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In  this  table  no  general  average  is  shown  of  the  costs,  prices,  and 
profits  for  the  combined  tonnages  of  sales  and  transfers,  because  such 
an  average  would  have  little  significance  either  for  the  ore-mining 
industry  or  the  subsequent  stages  of  production.  The  two  sets  of 
transactions  are  conducted  generally  on  diametrically  opposite  prin- 
ciples, and  an  average  would  show  nothing  definite  regarding  the 
average  profitableness  of  the  ore  business  nor  the  average  cost  of  ore 
to  Southern  furnaces. 

It  appears,  therefore,  at  least  so  far  as  the  ore  tonnage  covered  by 
the  reports  to  the  Bureau  is  concerned,  that  the  great  bulk  of  th? 
Southern  ore  was  not  sold  but  was  transferred  from  the  mines  to  the 
furnaces  of  the  respective  concerns  at  little  or  no  profit.  Conse- 
quently, the  cost  of  ore  in  Southern  pig  iron  for  these  same  companies 
was  chiefly  based  on  its  mine  cost  and  did  not  include  large  transfer 
profits,  as  in  the  case  of  Lake  ore. 
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CHAPTER  IT. 
BOOK  COST  OF  COKE,  1802-1906. 

Section  1.  Introdactory. 

Coke,  which  is  the  fuel  principally  used  for  reducing  iron  ore  in 
the  blast  furnace,  is  one  of  the  most  important  raw  materials  in  the 
iron  industry.  Coke  is  also  used  in  connection  with  the  remelting  of 
pig  iron  in  cupola  furnaces  and  in  various  other  ways  in  the  manu- 
facture of  iron  and  steel  products. 

While  coke  is  the  usual  fuel  for  blast  furnaces,  it  is  not  the  only 
one.  Up  to  1856  most  of  the  pig  iron  produced  in  the  United  States 
was  made  with  charcoal,  and  from  that  time  until  1875  the  pre- 
dominant fuel  was  anthracite  coal.  Since  1875  the  use  of  coke  in  blast 
furnaces  has  surpassed  the  use  of  anthracite  coal.  At  the  present 
time  charcoal  is  used  to  a  small  extent  for  the  production  of  pig  iron 
of  special  qualities,  the  particular  advantage  being  the  freedom  of 
charcoal  from  sulphur,  which,  when  contained  in  the  fuel,  is  apt  to 
pass  into  the  pig  iron.  Both  anthracite  and  bituminous  coal  are  used 
to  a  very  small  extent  in  the  production  of  pig  iron,  and  scMnetimes 
both  of  these  kinds  of  coal  are  mixed  with  coke.  The  great  bulk  of 
pig-iron  production,  however,  is  made  with  the  use  of  coke  alone 
as  fuel. 

While  coke  is  thus  one  of  the  principal  raw  materials  in  the  pro- 
duction of  pig  iron,  it  is  itself  a  manufactured  product,  made  by  the 
'  distillation  of  coal.  In  the  discussion  of  the  cost  of  this  raw  material, 
therefore,  it  would  be  logical  to  present,  first,  the  cost  of  producing 
coal,  and,  second,  the  cost  of  producing  coke.  Inasmuch,  however,  as 
the  two  stages  of  production  are  to  a  large  extent  combined  in  a  single 
industrial  and  commercial  activity,  and  the  costs  recorded  are  for 
the  process  of  mining  and  coking  as  a  whole,  it  is  convenient  and 
proper  in  considering  the  cost  of  coke  to  include  the  cost  of  mining 
the  coal  used  to  make  it. 

Various  conditions  in  the  mining  of  coal  and  the  making  of  coke 
have  important  relations  to  the  cost  of  producing  coke,  and  a  brief 
discussion  of  them  will  make  more  intelligible  the  presentation  of  the 
data  for  the  cost  of  coke. 

Character  of  coking- ooai.  deposits  and  stbtems  of  H0U>tNa 
THEM. — Coke  is  produced  from  bituminous  coal,  but  not  all  bitu- 
minous coal  is  of  good  coking  quality.  The  principal  bituminous  coal 
districts  of  the  United  States  which  produce  coal  satisfactory  for 
making  coke  are  generally  characterized  by  a  comparatively  low  cost 
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for  producing  coal.  These  coal  fields  are  generally  of  great  extent, 
with  coal  seams  of  considerable  thickness  and  of  easily  accessible 
character.  Consequently,  the  differences  in  costs  of  mining  the  coal, 
due  to  the  character  and  formation  of  the  deposits,  are  not  very  large. 
A  more  important  diflference  is  found  with  respect  to  the  extent  to 
which  the  coal  mined  is  used  for  making  coke.  In  certain  districts, 
as,  for  example,  Connellsville,  the  total  quantity  of  coal  produced, 
i.  e.,  run  of  mine,  is  used  for  coking,  while  in  certain  other  districts, 
as  the  Pocahontas,  a  large  part  of  the  total  production  of  coke  is 
made  from  fine  sizes  and  slack. 

In  some  districts  producing  coking  coal,  the  run  of  mine,  as  already 
stated,  may  be  used  directly  in  the  coke  ovens;  in  other  cases  a  sort- 
ing process  is  used  to  separate  the  lump  coal  from  the  fine  sizes;  in 
still  other  cases  additional  processes  may  be  necessary,  such  as  wash- 
ing the  coal  to  remove  impurities,  compressing  fine  sizes  in  order  to 
get  greater  strength  in  the  coke  produced,  and,  finally,  mixing  dif- 
ferent grades  of  coal  in  order  to  get  a  suitable  coking  quality.  Such 
processes  as  washing  and  compressing,  especially,  involve  distinct 
elements  of  additional  cost  attributable  to  that  part  of  the  coal  which 
is  used  for  coking. 

The  conditions  as  to  the  ownership  or  leasing  of  coal  lands,  with 
relation  to  such  elements  of  cost  as  depreciation  and  royalty,  are  sub- 
stantially the  same  as  for  ore  lands,  which  have  been  described  in 
detail  in  Chapter  III.  In  certain  coking-coal  districts,  such  as  Con- 
nellsville and  Birmingham,  almost  all  the  coking  coal  is  produced  by 
companies  which  own  the  coal  in  fee.  Consequently  the  item  of 
royalty  seldom  occurs  and  is  of  little  importance.  In  other  districts, 
such  as  the  Pocahontas,  the  mine  is  often  operated  under  leasehold, 
and  the  royalty  is  a  considerable  item.  As  already  explained  in 
connection  with  iron  ore,,  the  charge  for  exhaustion  of  the  mineral 
deposits— in  this  case,  coal — is  an  important  item  for  coal  lands 
owned  in  fee,  but  in  the  case  of  leaseholds  it  is  covered  by  the  item 
of  royalty.  In  both  cases,  however,  certain  additional  elements  of 
depreciation  exist  and  must  be  charged  into  cost,  as  already  ex- 
pUined  in  connection  with  the  discussion  of  the  cost  of  ore  (seep.  40). 

Coking  plant  and  processes, — As  already  stated,  coke  is  produced 
by  the  distillation  of  coal ;  that  is,  by  heating  it  in  an  oven  with  little 
or  no  access  of  air  until  the  volatile  elements  contained  in  the  coal 
are  expelled,  so  that  the  carbon  and  other  nonvolatile  substances  only 
are  left  in  the  oven.  So  far  as  the  production  of  coke  for  use  in  the 
iron  and  steel  industry  is  concerned,  there  are  two  processes,  known 
B8  "  beehive  "  and  "  by-product,"  respectively.  Between  these  two 
processes  there  are  considerable  differences  in  the  cost  of  production 
and  in  the  qualities  of  product. 

Beehive  process. — Most  of  the  coke  produced  for  use  in  the  iron 
and  steel  industry  is  made  by  the  beehive  process,  and  the  coke 
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produced  thereby  is  called  beehive  coke.  The  term  "  beehive  "  is  de- 
rived from  the  form  of  the  oven,  which  is  similar  to  the  conventional 
beehive.  Beehive  ovens  are  generally  about  12  feet  in  maximum  di- 
ameter and  from  6  to  8  feet  high,  with  a  small  opening  in  the  top 
for  charging  the  coal  and  for  the  escape  of  the  gases  of  combustion 
and  a  door  at  the  base  for  withdrawing  the  coke.  This  door  is  nearly 
closed  during  the  process  of  coking.  These  ovens  are  built  in  rows 
or  banks,  and  generally  located  beside  the  opening  of  the  mines  whicli 
produce  the  coal  used.  The  coal  is  charged  through  the  top  and 
forms  a  layer  of  about  2  feet  in  depth  (say  5  tons)  on  the  floor  of 
the  oven.  The  coal  is  somewhat  reduced  in  volume  by  the  process- 
of  coking.  After  the  coal  is  coked  it  is  drawn  out  at  the  base, 
quenched  with  water,  and  loaded  for  shipment.  A  small  proportion 
of  the  carbon  in  the  coal  is  also  consumed  during  the  coking  process, 
so  that  the  carbon  in  the  coke  is  less  than  the  total  quantity  of  carbon 
in  the  coal.  The  heated  gases  which  escape  at  the  top  are  not  gen- 
erally utilized.  Sometimes,  however,  they  are  saved  and  used  in 
the  production  of  steam  for  coal-mining  operations.  Some  differ- 
ences exist  in  the  application  of  labor-saving  devices,  particularly 
in  the  charging  of  the  coal,  leveling  the  coal  in  the  oven,  and  draw- 
ing the  coke  therefrom,  which  have  some  influence  on  the  cost  of 
operation. 

To  make  ordinary  furnace  coke  requires  about  48  hours,  but  for 
the  better  grade  of  foundry  coke  the  distillation  is  generally  contin- 
ued for  a  period  of  72  hours.  A  characteristic  production  on  the 
basis  of  two  charges  of  48-hour  coke  and  one  charge  of  72-hour  coke 
per  week  would  be  11  tons  of  coke  per  week,  or  about  572  tons  per 
annum.  The  quantity  produced  depends,  however,  upon  the  quality 
of  the  coal  used  and  the  proportion  of  volatile  elements.  An  exces- 
sive proportion  of  volatile  elements  results  in  a  lower  yield  of  coke. 
while  if  the  volatile  elements  are  deficient  a  greater  proportion  of  the 
fixed  carbon  is  consumed  in  coking.  Connellsville  coal  has  about  -^1 
per  cent  of  volatile  elements,  and  consumes  about  10  per  cent  of  the 
fixed  carbon  in  the  beehive  process,  while  the  Pocahontas  coal  has 
only  18  per  cent  of  volatile  constituents  and  consumes  a  greater  pro- 
portion of  the  fixed  carbon. 

The  differences  in  yield  of  coke  and  in  the  application  of  labor- 
saving  devices,  referred  to  above,  have  considerable  influence  upon 
the  costs  of  production,  but  the  waste  gases  are  so  seldom  used  that 
the  differences  in  this  respect  have  little  importance  in  the  costs. 

By-product  process.— -This  process  derives  its  name  from  the  fact 
that  in  the  production  of  coke  a  large  part  of  the  volatile  elements 
is  recovered  and  utilized.  A  by-product  coke  plant  is  much  more 
elaborate  than  a  beehive  coke  plant,  and  is  generally  located  »t 
the  blast  furnaces  instead  of  at  or  near  the  coal  deposit.  There 
ai-e  several  systems  of  by-product  ovens  in  use  in  the  .United  Statei 
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The  chief  differences  in  the  systems  used  relate  to  the  arrangement 
of  flues  and  to  the  presence  or  absence  of  regenerative  chambers  for 
heating  the  gases  used  to  distill  the  coal.  The  ovens  themselves  are 
closed  retorts,  generally  about  30  feet  long,  6  feet  high,  and  18  to  24 
inches  wide.  They  are  built  in  banks  or  batteries  containing  a  large 
number  of  individual  ovens,  with  facilities  for  charging  the  coal  at 
the  top  of  the  oven,  and  have  continuous  platforms  alongside  for 
drawing  and  quenching  the  coke.  The  coal  is  charged  by  gravity 
and  the  coke  drawn  while  red  hot,  by  mechanical  means,  and  quenched 
on  the  platform,  after  which  it  is  loaded  into  cars. 

Connected  with  the  ovens  are  plants  for  recovery  of  the  by-products, 
which  consist  principally  of  gas,  tar,  and  ammonia.  A  part  of  the 
gas  contained  in  the  coal  is  consumed  in  the  process  of  distilla- 
tion ;  the  rest  is  purified  in  the  by-product  plant,  and  is  sold  to  o«t- 
f^iders  or  used  in  iron  and  steel  works,  either  as  boiler  fuel  or  for 
the  operatiwi  of  gas  engines.  The  quantity  of  gas  recovered  varies 
greatly  with  the  quality  of  coal  used.  However,  during  the  period 
covered  by  the  cost  data  given,  only  a  few  companies  made  any  at- 
tempt to  save  it.  The  tar  is  generally  sold  in  crude  form,  but  some- 
times is  first  reduced  to  pitch  by  boiling.  The  more  refined  products 
of  the  tar  are  not  generally  obtained  at  coke  plants  connected  with 
steel  works,  but  at  chemical  works.  The  tar  which  is  sold  is  largely 
I'sed  in  crude  form  for  coating  pipes,  in  roofing  material,  in  the 
manufacture  of  waterproof  paints,  and  as  a  binder  for  various  sub- 
btances.  The  ammonia  is  sometimes  disposed  of  in  the  form  of  , 
dilute  ammoniacal  liquor  and  sometimes  converted  into  ammonium 
sulphate  at  the  plant  and  sold  as  fertilizer. 

The  investment  in  by-product  ovens,  as  well  as  in  the  accessory 
recovery  plants,  is  very  much  greater  per  ton  of  product  than  for  bee- 
liive  coke  plants,  and  consequently  involves  much  greater  expense  for 
repairs,  maintenance,  and  depreciation.  The  operating  costs  are  also 
higher  on  account  of  the  more  elaborate  character  of  the  process. 
On  the  other  hand,  the  extensive  recovery  of  by-products  of  consid- 
erable value,  which  by  customary  methods  of  accounting  are  treated 
as  credits  to  the  cost  of  the  coke  produced,  constitute  a  large  saving. 
Moreover,  practically  all  the  fixed  carbon  in  the  coal  is  retained  in 
the  coke,  while  in  the  best  beehive  coke  (Connellsville)  the  loss  on 
Ihis  account  amounts  to  about  10  per  cent. 

The  beehive  coke  is  generally  considered  superior  to  the  by-product 
coke  for  blast-furnace  or  foundry  use.  It  has  a  different  structure 
and  superior  appearance,  the  pieces  being  long  and  silvery,  while  the 
by-product  coke  consists  of  small  blackened  cubes  with  a  greater 
percentage  of  moisture,  due  apparently  to  the  method  of  quenching. 
Beehive  coke,  however,  can  be  made  only  from  a  limited  variety  of 
superior  qualities  of  coal,  while  the  by-product  process  makes  avaii- 


■iCoo^lc 


62  THE  STEEL  INDUSTBY.  I 

able  grades  which  otherwise  would  not  be  of  a  coking  quality.    Fnr-  | 
thermore,  the  conditions  of  production  of  by-product  coke  make  it  , 
more  feasible  to  mix  different  kinds  of  coal,  neither  of  which  would 
be  suitable  for  coking  if  taken  alone. 

A  comparison  of  the  costs  of  beehive  and  by-product  coke  is  ren-  ' 
dered  difficult  by  various  technical  and  commercial  circimistances  con- 
nected with  their  production,  but  in  so  far  as  the  coke  production  i 
for  1902  to  1906  covered  by  the  Bureau's  report  is  concerned  it  ap-  | 
pears  that  the  net  results  are  in  favor  of  the  beehive  coke.     In 
this  comparison  allowance  is  made  for  freight  on  beehive  coke  to 
point  of  consumption.     This  advanta^  amounts,  perhaps,  to  as  much 
as  25  cents  a  ton.    Comparisons  based  on  the  production  from  1902   i 
to  1906  reported  to  the  Bureau,  however,  are  hardly  sufficiently  rep- 
resentative for  by-product  coke  to  make  this  result  conclusive  as  to 
the  economy  of  the  two  systems  in  {general,  and  especially  at  the   , 
present  time  when  the  by-product  system  has  had  more  extensive  and 
intelligent  application  under  more  favorable  conditions. 

QuAUTi. — Coke  is  classified  into  several  grades,  which  command 
different  prices  in  the  market.  The  best  coke  is  known  as  foundry 
coke,  because  it  is  used  principally  for  melting  pig  iron  in  cupola 
furnaces.  In  order  to  stand  up  under  the  heavy  load  of  pig  iron  in 
the  cupola,  a  dense  coke  is  required.  It  is  generally  selected  from 
ovens  which  have  burned  72  hours,  although  much  of  it  is  really 
48-hour  coke  of  superior  quality  and  appearance.  Furnace  coke  is 
the  next  grade  and  is  so  called  from  the  fact  that  it  is  principally 
used  in  blast  furnaces.  For  this  48-hour  coke  is  used.  By-product 
coke  forms  a  distinct  grade  on  account  of  its  different  structure  ami 
appearance.  It  has  sufficient  strength,  however,  to  be  available  for 
foundry  purposes. 

The  expression  "standard  "  coke  is  often  used  to  denote  coke  that 
comes  within  standard  specifications  as  to  chemical  composition. 
Sulphur  must  be  less  than  1  per  cent,  and  the  smaller  the  sulphur 
content  the  better  the  coke;  ash  must  not  exceed  13  per  cent,  but 
should  not  be  too  low,  as  a  certain  proportion  is  desirable  to  give 
strength  to  the  coke,  "  Standard  "  Connellsville  coke  contains  about 
10  per  cent  ash.  Coke  which  does  not  come  up  to  standard  specifica- 
tions for  the  iron  industry  may  be  suitable  for  smelting  other  metals 
or  for  fuel,  and  in  this  category  is  included  the  large  production  of 
gas-house  coke;  that  is,  coke  which  is  a  by-product  in  the  manufac- 
ture of  illuminating  gas. 

The  chief  factors  in  determining  the  quality  of  coke  are  heating 
power,  purity,  and  strength.  The  heating  power  depends  chiefly  on 
the  cellular  structure  and  percentages  of  carbon  and  ash.  In  respect 
to  the  cellular  structure  beehive  coke  is  superior  to  by-product  coke. 
The  percentage  of  ash  in  the  coke  depends  on  the  kind  of  coal  used. 
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In  the  blast  furnace  a  large  proportion  of  ash  diminishes  the  heat- 
ing value  of  the  coke.  The  purity  of  the  coke,  however,  depends 
particularly  on  its  freCdcmi  from  sulphur  or  phosphorus.  Both  of 
ihese  elements  in  the  coke  go  largely  into  the  pig  iron  and  diminish 
its  value.  The  strength  of  the  coke  depends  both  on  its  resistance 
to  breakage  and  its  ability  to  support  the  pressure  of  the  materials 
charged  into  the  blast  furnace.  In  order  that  there  should  be  a 
proper  draft  in  the  blast  furnace,  it  is  necessary  that  the  coke  should 
be  in  pieces  of  considerable  size. 

Transportation  to  k^ce  of  conbumption. — In  comparing  the 
c(»ts  of  coke  an  important  factor,  cost  of  transportation,  scnuetimea 
makes  a  comparison  of  different  districts  difficult.  As  between  two 
districts  making  beehive  coke,  it  sometimes  occurs  that  in  one  of 
them  there  is  a  transpta'tation  cost  for  shipping  the  coal  to  the  coke 
ovens.  If,  in  the  latter  case,  the  coke  ovens  are  located  at  the  place 
of  consumption,  a  fair  comparison  of  the  costs  in  the  two  cases  would 
require  that  for  the  coke  which  is  produced  at  the  mines  the  freight 
to  the  place  of  consumption  should  also  be  considered. 

By-product  coke,  used  in  blast  furnaces,  is  generally  produced  at 
the  blast-furnace  plant,  which  usually  involves  the  payment  of 
freight  on  the  coal  used  in  the  coke  ovens.  It  is  obvious  that  the 
cost  of  such  coke  can  not  be  compared  with  the  cost  of  beehive  coke 
produced  at  the  mines  without  considering  the  freight  charge  on  the 
latter  to  the  place  of  consumption. 

Pkincipal  DI8TBICT6  OF  FROntTCTnON. — ^The  principal  districts  of 
blast-furnace  beehive-coke  production  are  the  Connellsville  district 
of  Pennsylvania,  the  Birmingham  district  of  Alabama,  and  the  Po- 
cahontas district  of  West  Virginia.  The  costs  of  production  for 
these  districts  are  given  in  the  following  sections.  There  was  con- 
siderable miscellaneous  beehive-coke  production  for  which  cost  data 
were  obtained  by  the  Bureau,  but  owing  to  the  individual  character 
of  the  data  it  is  practicable  to  give  a  group  cost  only. 

By-product  blast-furnace  coke,  as  stated  above,  is  generally  made 
at  the  iron  and  steel  works  and  involves,  in  addition  to  the  cost  of 
the  coal  at  the  mine,  a  large  item  of  freight  on  the  coal.  The  cost 
of  by-product  coke  is,  therefore,  best  presented  as  a  total,  and  not 
by  districts,  showing  the  freight  cost  as  a  separate  item. 

Section  Z.  Book  coat  of  beehive  coke,  Connellrrille  diatriot,  1902-1906. 
The  Connellsville  district  of  Pennsylvania,  in  the  southwestern 
part  of  the  State,  is  by  far  the  most  important  coke-producing  dis- 
trict in  the  United  States.  In  this  district  the  production  of  coke 
is  the  6rst  consideration,  whereas  in  the  other  coke  districts  the 
business  of  making  coke  is  sometimes  incidental  to  the  production  of 
coal  for  shipment  to  market 
77232°— 18 7 
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The  district  as  a  whole  comprises  several  parts  or  subdistricts,  the 
principal  ones  being  known  as  the  Connellsville  and  Lower  Connells- 
ville.  Connellsville  proper  is  a  narrow  strip  running  from  Smith- 
field  to  near  Latrobe.  This  part  of  the  district  alone  produces  about 
one-third  of  aU  coke  manufactured  in  the  United  States.  Farther 
to  the  west  is  the  Lower  Connellsville  or  Klondike,  which  is  second 
in  importance.  There  are  several  other  subdistricts  of  more  or  less 
importance,  including  the  Upper  Connellsville,  Pittsburgh,  Greens- 
burg,  Allegheny  Mountain,  and  others.  The  cost  data  pree^ited 
include  the  average  cost  at  coke  plants  in  the  Connellsville  proper, 
Lower  Connellsville,  Upper  Connellsville,  and  Pittsburgh  subdistricts. 
Most  of  the  cost  material  was  from  coke  plants  in  the  Connellsville 
proper  and  Lower  Connellsville  subdistricts.  A  careful  examination, 
however,  of  the  costs  showed  that  there  was  practically  no  difference 
in  the  cost  of  production  in  these  districts,  and  for  convenience  thej 
have  been  considered  together.  The  costs  of  Connellsville  coke  pre- 
sented in  Table  12  cover  53,154,034  net  tons,  or  about  70  per  cent  of 
the  t«tal  production  of  the  four  subdistricts  from  which  cost  data 
were  received. 

In  this  district,  as  previously  stated,  coal  is  mined  almost  exclu-. 
sively  for  the  purpose  of  making  coke;  and  the  costs  of  a  large  part 
of  the  production  are  made  up  in  such  a  way  that  the  cost  of  coal, 
as  a  separate  item,  is  not  shown.  As  the  companies  are  interested 
only  in  determining  the  cost  of  their  final  product,  it  is  convenient  for 
them  to  keep  their  costs  in  this  way. 

The  costs  of  producing  beehive  coke  in  the  Connellsville  district, 
by  years,  1902  to  1906,  embracing  both  the  operations  of  mining  the 
coal  and  coking  it,  are  given  in  the  following  table: 
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The  total  production  of  Connellsville  beehive  coke  for  the  five- 
?ear  period,  1902  to  1906,  comprised  in  the  foregoing  statement,  was 
>3454,034  net  tons  and  ranged  from  6,689,342  net  tons  in  1904  to 
13,037,275  net  tons  in  1906.  From  1902  to  1903  there  was  a  decrease 
in  output  of  the  plants  reporting  of  1,158,979  net  tons  as  a  result  of 
the  depression  in  the  iron  and  steel  business  which  began  in  the  latter 
half  of  1903  and  extended  practically  through  the  entire  following 
year.  The  output  in  1904  was  411,798  net  tons  lower  than  in  1908. 
The  fluctuations  of  the  tonnage  reported  are  substantially  parallel  to 
^le  flncfnations  of  production  for  the  entire  district. 

Laboh.— The  chief  item  of  cost  was  operating  labor,  which  averaged 
$0.97  per  net  ton  for  the  five-year  period  and  comprised  nearly  68 
per  cent  of  the  total  cost  of  coke.  This  included,  as  stated  above,  both 
coal  mining  and  coking  labor  costs.  The  average  cost  of  labor  ranged 
from  $0.88  per  net  ton  in  1904  to  $1.08  in  1903.  The  variations  in 
labor  cost  did  not  depend  upon  the  volume  of  output  as  tor  most  other 
products,  but  corresponded  roughly  to  the  changes  in  the  rate  of 
wages.  Ah  increase  in  wages  of  about  8  per  cent  was  made  in  Jan- 
uary, 1903,  accounting  substantially  for  the  increase  in  labor  cofrt 
from  $1  per  net  ton  in  1902  to  $1.08  in  1903.  In  December,  1903, 
wages  were  reduced  about  18  per  cent  and  the  labor  cost  fell  to  $0.88  - 
per  net  ton  of  coke.  An  increase  of  10  per  cent  in  wages  was  put  into 
effect  in  March,  1905,  and  labor  cost  increased  to  $0.94  per  net  ton  in 
1905  and  $0.97  in  1906. 

Otheb  dikect  ofebatino  costs. — The  cost  of  materials,  which  in- 
cluded supplies  of  various  kinds,  such  as  mine  timber,  track  material, 
toois,*live  stock,  water,  etc.,  averaged  for  the  period  $0.15  per  net  ton. 
This  cost  showed  no  noticeable  variation  from  year  to  year. 

The  average  cost  of  repairs  was  $0,06  per  net  ton  of  coke  and 
showed  little  variation  from  year  to  year.  The  larger  part  of  this 
expense  was  in  connection  with  the  coking  of  the  coal,  the  ovens 
requiring  ft^uent  relining. 

General  expense  included,  principally,  general  and  administrative 
expense,  insurance,  and  taxes,  and  amounted  to  an  average  cost  of 
$0.09  pw  net  ton.  The  range  was  from  $0.07  in  1906  and  1906  to  $0.09 
in  1903. 

Depreciation  and  boyaltt, — These  two  items  should  be  considered 
together.  In  most  cases  the  land  was  owned  in  fee  and  the  charge 
WM  made  for  exhaustion  of  the  coal  and  depreciation  of  the  equip- 
nwnt.  K(^aity  was  paid  only  in  a  few  cases  and  for  the  costs  here 
shown  amounted  to  only  $0.01  per  net  ton  when  the  actual  amount  of 
royalty  payments  was  divided  by  the  total  productionr  The  items  of 
depreciation  and  royalty  together  aggregated  $0.20  per  net  ton  for 
the  five-year  period,  ranging  from  $0.17  in  1903  to  $0.24  in  1905. 
The  provision  for  depreciation,  which  includes  exhaustion,  was  ap- 
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parently  hig^,  even  when  the  relatively  high  value  of  coal  lands  in 
the  district  is  considered. 

CHEniTs  TO  COSTS. — Some  companies  credited  their  costs  with  vari- 
ous it«ns  of  income,  the  most  important  of  which  were  the  net 
receipts  from  ten^ents  rented  to  their  employees  and  from  black- 
smithing  work  performed  for  their  workmen.  These  items  were  not 
strictly  a  part  of  the  costs  of  production,  and  for  this  reason  they 
have  been  stated  separately  at  the  foot  of  the  table.  The  amount 
of  this  credit  for  the  five-year  period  averaged  $0.03  per  net  ton. 
based  on  the  total  production  of  coke.  As  not  all  companies  had 
receipts  of  this  nature  the  average  was  therefore  somewhat  less  than 
the  amount  actually  derived  from  these  sources,  based  on  the  tonnage 
of  the  companies  to  which  the  receipts  relate.  Showing  these  items 
as  a  cost  deduction  makes  the  net  figures  or  total  book  cost,  as  stated, 
agree  with  the  cost  records  of  the  companies,  i 

Total  book  cost, — The  average  total  book  cost  of  Connellsviile  coke  | 
for  the  five-year  period,  1902  to  1906,  was  $1.43  per  net  ton  and 
ranged  from  $1,34  per  net  ton  in  1904  to  $1.52  in  1903.  The  low  cost 
in  1904,  a  year  of  depression,  as  well  as  the  high  cost  in  1903,  was 
almost  entirely  attributable  to  the  item  of  labor.  The  highest  aver- 
■   age  wage  rate  during  this  period  was  in  1903  and  the  lowest  in  1904. 

The  total  book  costs  were  net  costs  to  the  producing  companies,  i.  e., 
the  costs  as  stated  do  not  include  any  transfer  profit  on  coal  used 
in  the  manufacture  of  coke.  | 

As  previously  stated,  the  costs  of  a  large  part  of  the  production  | 
were  made  up  in  such  a  way  that  the  separate  cost  of  coal  was  not 
shown.  Some  of  the  companies,  however,  kept  their  coal  costs  and 
coking  costs  separately.  Using  this  material  as  a  basis,  an  estimate 
was  made  of  the  division  of  the  costs  between  cost  of  mining  coal  and 
the  cost  of  coking  it,  which  is  given  in  Table  III,  page  540. 

PBonxs  ON  BALES  AND  TRANSFEHS, — The  greater  part  of  the  coke 
reported  from  the  Connellsviile  region  was  produced  by  iron  and  steel 
interests,  but  it  was  the  general  custom  to  keep  the  coke  business 
distinct  from  iron  and  steel  manufacturing,  and  allow  the  coke  com- 
pany a  profit.  Most  of  the  tonnage  reported,  therefore,  was  trans- 
ferred at  a  profit,  although  some  iron  and  steel  companies  trans- 
ferred their  coke  at  cost.  A  small  quantity  of  coke  was  sold  to  out- 
side customers,  and  such  sales  were  generally  at  higher  prices  than 
the  transfers  to  allied  companies,  partly  because  there  was  a  large 
proportion  of  72-hour  coke,  which  brought  a  better  price  and  was 
sold  in  relatively  small  quantities  to  foundries.  For  both  sales  to 
outside  customers  and  transfers  to  allied  companies  the  profit  for  the 
five-year  period  averaged  $0.61  per  net  ton.  The  profit  on  transfers 
alone  to  affiliated  iron  and  steel  companies  for  the  same  period 
averaged  $0.57  per  net  ton. 
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Section  3.  Book  ooit  of  btehiTc  coke,  Birmii^kam  diitiict,  1908-1906. 

The  production  of  coke  in  the  Birmingham  district  of  Alabama 
n-as  dependent  upon  the  development  of  local  iron  production.  Most 
of  the  ovens  in  this  district  were  situated  near  Birmingham  and 
ii.ied  coal  principally  from  the  Warrior,  Cahaba,  and  Coosa  coal  fields. 
The  Warrior  Basin  is  the  most  important,  containing  a  larger  area 
of  available  coal  than  all  the  others  combined.  This  field  covers 
quite  an  extensive  region,  but  the  area  of  the  greatest  thickness  of  coal 
forms  a  narrow  strip  along  the  eastern  margin  of  the  field  from 
Newcastle  to  Tuscaloosa,  which  is  only  a  few  miles  west  and  south- 
west of  Birmingham.  The  Pratt  seam  of  this  field  is  the  one  most 
extensively  worked,  and  the  greater  part  of  the  coal  mined  is  coked. 

The  cost  data  for  the  production  of  beehive  coke  in  the  Birming- 
ham district  for  the  five  years,  1902  to  1906,  covered  over  55  per  cent 
ot  the  total  production  in  the  State  of  Alnbama.  As  there  was  a 
large  production  of  by-product  coke  in  the  State  during  this  period 
the  percentage  of  the  total  beehive  coke  producticHi  reported  was 
considerably  larger. 

The  average  costs  of  producing  beehive  coke  in  the  Birmingham 
district  for  the  years  1902  to  1906  and  for  the  five-year  period  are 
given  in  the  following  table: 
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The  cost  of  manufacturing  coke  in  the  Birmingham  district  was 
lugh,  averaging  $2.37  per  net  ton  on  the  basis  of  cost  at  ovens  situ- 
ated at  the  mines.    The  coat  ranged  from  $2.08  per  net  ton  in 
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1904  to  $2.65  in  1906,  giving  a  difference  of  $0.47.  The  high  ca 
was  due,  in  large  part,  to  the  high  cost  of  coal  in  the  coke,  resoltini 
in  part,  from  the  high  cost  of  mining  the  coal,  in  part  from  the  nece 
sity  of  washing  a  portion  of  the  coal,  and  in  part  from  the  low  yieli 

Of  the  total  cost,  namely,  $2.27  per  net  ton  for  the  fiv«  years  19( 
to  1906,  the  operating  labor  amounted  to  $1,73  per  net  ton,  or  aboi 
76  per  cent  of  the  entire  cost,  excluding  freight.  The  labor  co 
ranged  from  $1.56  in  1904  to  $1.95  in  1906,  a  difference  of  $0.40  p« 
net  ton.  The  increased  labor  cost  in  1905  and  1906  was  due  probabl 
to  the  effects  of  the  labor  troubles  in  those  years.  The  average  cost  o 
materials  and  supplies  was  $0.20  per  net  ton;  of  repairs,  $0,13  per-  ti< 
ton;  and  of  general  expense,  $0.10  per  net  ton.  The  depreeiatiot 
charged  principally  on  coke  ovens,  averaged  $0.05  for  the  perioc 
while  the  average  royalty  per  net  ton  of  ooke  was  $0.06.  Most  of  tli 
coal  properties  in  this  district  were  owned  in  fee.  The  roya.lt; 
charges  were,  therefore,  not  royalty  payments  but  allowances  for  ex 
haustion  of  the  coal. 

An  analysis  of  the  foregoing  cost  of  coke,  showing  the  mine  cosi 
of  coal,  the  cost  of  waging  a  part  of  the  coal,  the  waste  due  to  losf 
of  weight  in  the  coking  process,  the  cost  of  coking,  and  the  freig^hf 
on  the  part  of  the  coal  shipped  from  mines  to  ovens  at  a  distance,  is 
given  in  Table  IV,  page  540. 

PnoPTTB  ON  SALES  ANo  TRANBFERB. — Most  of  the  Southem  coke  re- 
ported was  used  in  the  manufacture  of  pig  iron  by  the  companies 
producing  it,  and  only  a  little  more  than  5  per  cent  of  the  output  of 
the  ovens  was  sold.  About  40  per  cent  of  the  product  was  trans- 
ferred at  a  profit.  The  profit,  however,  was  not  very  large  in  any 
year,  and  for  all  companies  for  the  five  years  averaged  $0.13  per  net 
ton  on  the  quantity  transferred  at  a  profit.  About  55  per  cent  of  the 
total  production  reported  was  transferred  at  cost. 

Section  4.  Book  coat  of  beehive  coke,  PocahontaR  distriot,  1902-1906. 

The  Pocahontas  or  Flat  Top  district  of  West  Virginia,  during 
the  period  1902  to  1906,  was  next  in  importance  after  the  Birming- 
ham district.  This  district  is  located  in  the  extreme  southwestern 
part  of  the  State,  and  really  includes  also  the  coke-making  op«^tions 
in  Tazewell  County,  Va.,  which  are  contiguous  to  the  district  and 
work  the  same  coal  seams. 

The  coal  in  this  district  ig  cheaply  mined,  as  the  vein  is  thick, 
ranging  frcmi  7  to  12  feet,  and  is  nearly  all  clear  coal  of  the  best 
quality.  Pocahontas  coal  is  one  of  the  best  steam  coals  known,  but 
as  a  coking  coal  it  is  inferior  to  the  Connellsville  coal,  for  the  reason 
that  it  is  low  in  volatile  matter,  which  makes  it  necessary,  in  beehive 
ovens,  to  bum  a  portion  of  the  fixed  carbon  in  order  to  carry  the 
coking  process  to  completion. 
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Tte  total  production  of  ooke  in  thi  Pocahontas  district  tar  the 
rears  1902  to  1906,  inclusive,  was  7,698,993  net  tons.  Of  this  total 
production  the  cost  statement  presented  belov  covers  4,170,896  net 
tons,  or  54  per  cent. 

The  coke  production  of  this  district  is  shipped  to  various  distant 
markets.  Of  the  total  production  during  the  period  1902  to  1906 
i^ut  75  per  cent  was  shipped  w^  and  25  per  cent  was  shipped  east. 
About  50  per  cent  of  the  entire  production  went  to  Chicago  and 
about  20  per  cent  to  furnaces  at  Ashland,  Ky.,  Ironton,  Ohio,  and  other 
|)oints  in  southern  Ohio.  Approximately  45  per  cent  of  the  total 
loutput  was  produced  by  iron  and  steel  cmnpanies  for  their  own  con- 
isumption,  cost  data  being  obtained  for  practicaUy  the  whole  of  this 
]troductioii. 

t-i  The  costs  of  producing  beehive  coke  in  the  Pocah<Kita8  district  by 
lyears,  1902  to  1906,  are  given  in  the  following  table : 
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The  total  production  of  Pocahontas  beehive  coke  for  the  five-year 
pwiod  1902  to  1906,  comprised  in  the  forgoing  statement,  was 
M70,396  net  tons  and  ranged  from  478,066  net  tons  in  1902  to 
1^S,011  net  tons  in  1906,  showing  an  uninterrupted  annual  increase. 
The  tonnage  covered  by  the  cost  data  comprised  about  40  per  cent 
oi  the  total  production  for  the  years  1902  and  1903  and  about  60 
per  cent  of  the  total  production  for  the  years  1904  to  1906,  inclusive. 
The  average  cost  of  Pocahontas  coke  for  the  five-year  period  1902 
to  1906  was  $1.74  per  net  ton  and  ranged  from  $1.62  per  net  ton  in 
IMa  to  $1.88  in  1906.  Operating  labor,  the  chief  item,  averaged 
|I56  per  net  ton  and  ranged  from  $1.14  per  net  ton  in  1902  to  $1.34 
in  1503.  The  average  cost  of  materials  was  $0.14  per  net  ton,  the  cost 
of  repairs  $0.04  per  net  ton,  and  general  expense  $0.09  per  net  ton. 
^iie  variation  in  these  items  of  cost  was  not  significant.  Deprecia- 
tion averaged  $0.08  per  net  ton  for  the  period  and  ranged  from  $0.07 
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in  190K  and  1906  to  $0.10  in  1902.  This  item  represented  the  charge 
for  deterioration  of  mine  equipment  and  depreciation  of  the  ovens, 
but  did  not  cover  exhaustion  of  the  coal.  Practically  all  the  coal 
land  in  the  district  was  under  lease  to  operating  ccnnpanies,  so  that 
the  exhaustion  of  the  coal  was  covered  by  the  royalty  charged.  Un- 
der the  terms  of  a  majority  of  the  leases  a  royalty  was  paid  at  fho 
rate  of  $0.10  per  gross  ton  of  coal  mined  and  $0.15  per  gross  ton  of 
c(A:e  made,  or  $0,134  per  net  ton. 

An  analysis  of  the  costs  in  the  foregoing  statement,  showing  the 
mine  cost  of  the  coal  used  in  the  ovens,  the  value  of  the  weight  of 
coal  lost  in  the  coking  process,  the  total  cost  of  coal  per  ton  of  coke, 
and  the  cost  of  coking,  is  given  in  Table  IV,  page  540. 

Pkofits  on  bales  and  transfers. — The  results  for  the  Pocahontas 
district  as  to  prices  and  profits  can  not  be  very  satisfactorily  stated, 
because  so  much  of  the  business  related  to  the  operations  in  coal. 
The  highest  profit  per  ton  of  coke  for  any  year  and  for  any  of  the 
companies  reporting  was  $0.24,  and  the  average  for  all  companies  for 
the  five-year  period  amounted  to  $0.13  per  net  ton. 
Section  6.  Book  cost  of  beehive  coke,  miscellaneoits  districts,  1902-1906. 

Outside  of  the  ConnellsviUe,  Birmingham,  and  Pocahontas  dis- 
tricts a  production  of  4,214,446  net  tons  of  beehive  coke  was  reported. 
The  publication  of  these  data  by  localities  might  reveal  the  costs  of 
particular  companies,  therefore  they  are  combined  in  a  single  group. 

The  average  cost  of  producing  beehive  coke  in  the  miscellaneous 
districts  from  which  cost  data  were  obtained  is  given  for  the  five- 
year  period,  1902  to  1906,  in  thp  following  table : 

Tablx   le.— AVERAOB    book    COST    OF    BEEHIVE    COKE,    UISCBLLANB0U8    DIS- 
TRICTS, FIVE  XBAR8,  1902-1908. 

[In  dollarB  per  net  ton.] 
Net  tons  produced 4,214,446 

Labor fl.92 

MaterlalB .27 

Bepalrs .08 

General  expense .32 

Depreciation '. .07 

Itoyalty .  04 

Total 2. 71) 

rrelght .  03 

Total  book  coat 2.73 

As  the  conditions  under  which  the  above  tonnage  was  produced 
were  different,  a,  discussion  of  tiie  annual  cost  variations  would  be 
of  little  value.  This  production  was  partly  used  in  iron  and  steel 
making  and  partly  for  general  purposes.  The  proportion  of  the 
total  production  of  this  coke  that  was  used  in  iron  and  steel  making, 
amounting  to  about  48  per  cent,  was  taken  over  at  cost. 
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Section  6.  Book  out  of  beeluTe  ooke,  oomp&riMn  of  ontB,  by  distriota, 
1902-1906. 

The  production  of  beehive  coke  in  the  principal  districts  which 
have  been  discussed,  namely,  Connellsville,  Birmingham,  and  Poca- 
hontas, comprises  all  the  production  for  which  c(«nprehensive  cost 
data  yrere  obtained  by  the  Bureau  and  for  which  satisfactory  com- 
parisons of  cost  can  be  made. 

A  comparison  of  the  cost  of  producing  beehive  coke  m  the  several 
districts  for  the  five-year  period  1902-1906  is  given  in  the  following 
table: 


[Id  doUais  par  ntt  trai.] 
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1.43 
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2.  IT 
.18 

2.70 
.03 

1.43 

1.T4 

2.43 

2.73 

These  costs  comprise  those  for  mining  the  coal  as  well  as  those  for 
making  the  coke. 

TTie  average  cost  of  Connellsville  coke  for  the  five-year  period  was 
$1.43  per  net  ton,  as  compared  with  an  average  cost  of  $1.74  per  net 
ton  for  the  Pocahontas  district  and  $2.27  per  net  ton  for  the  Bir- 
mingham district,  on  the  basis  of  ovens  situated  at  the  mines. 

The  labor  cost  for  the  Connellsville  district  averaged  only  $0.97 
per  net  ton,  while  it  averaged  $1.26  per  net  ton  for  the  Pocahontas 
district  and  $1.73  per  net  ton  for  the  Birmingham  district.  The 
high  labor  cost  for  the  Pocahontas  district  as  compared  with  the 
Connellsville  district  was  largely  in  the  coking  of  the  coal  and  not 
m  mining,'  while  for  the  Birmingham  district  the  cost  of  labor  in 
coking  was  about  the  same  as  for  the  Connellsville  district  and  the 
labor  in  mining  the  coal  was  nearly  twice  as  high.  For  the  items 
'  See  Tables  III  sod  IV,  pp.  H0-B41. 
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of  materials,  repairs,  and  gen«^  expense,  the  average  costs  for  the 
Connellsville  and  the  Pocahontas  districts  were  about  the  same, 
while  the  costs  for  the  Birmingham  district  were  considerably  higher 
than  in  either  the  Connellsville  or  the  Pocahontas  districts. 

On  account  of  differences  in  accounting  practice  and  in  the  system 
of  holding  the  coal  deposits — ^fee  and  leasehold — the  items  of  depre- 
ciation (including  exhaustion  of  the  coal) ,  and  royalty  should  be  con- 
sidered together.  These  items  averaged  $0.20  per  net  ton  of  coke 
for  the  Connellsville  district,  $0.21  for  the  Pocahontas  district,  and 
$0.11  for  the  Birmingham  district.  In  most  cases  the  coal  lands 
were  owned  in  fee  in  the  Connellsville  and  Birmingham  districts, 
the  royalty  charge  of  $0.06  per  net  ton  of  coke  in  the  latter  district 
being  intended  to  cover  the  exhaustion  of  the  coal.  Practically  all 
the  coal  land  in  the  Pocahontas  district  was  under  lease  to  operating 
companies,  so  that  the  exhaustion  of  the  coal  was  covered  by  the 
royalty  item. 

Credits  to  costs,  principally  from  rented  tenements  and  &om 
blacksmithing  work,  averaged  $0.03  per  net  ton  of  coke  for  the  Con- 
nellsville district,  while  there  were  no  corresponding  credits  for  the 
other  districts. 

In  the  Birmingham  district  about  one-third  of  the  coke  ovens  were 
located  at  a  distance  from  the  coal  mines.  This  involved  a  charge 
for  freight  which  averaged  $0.16  per  net  ton  of  coke  based  mi  the 
total  production.  In  the  Connellsville  and  Pocahontas  districts,  as 
previously  noted,  the  ccJie  ovens  were  located  at  the  coal  mines. 

Section  7.  Book  cost  of  by-prodaot  coke,  1902-1906. 

The  first  by-product  coke  ovens  built  for  the  production  »t  blasts 
furnace  fuel  were  completed  in  1895.  The  number  of  by-product 
ovens  has  since  increased  rapidly,  the  number  of  completed  ovens  at 
the  dose  of  1906  amounting  to  3,603,  with  a  production  in  that  year 
of  4,568,127  net  tons.  This  production  comprised  nearly  18  per  cent 
of  the  total  coke  production  in  the  United  States.  Very  few  of  the 
ovens  were  located  in  the  principal  coking  districts. 

In  general,  by-product  ovens  were  located  at  blast  furnaces  and 
beehive  ovens  at  the  mines.  The  few  by-product  ovens  located  in  the 
Connellsville  district  and  in  the  Birmin^am  district  were  near  both 
mines  and  furnaces.  The  by-product  ovens  were  generally  located  at 
the  furnaces  in  order  to  make  use  of  the  surplus  gas  for  power,  or 
to  find  a  better  market  for  the  gas  or  other  by-products  in  the  nei^- 
boring  towns. 

Often  in  the  production  of  by-product  coke  the  coal  was  brought 
from  great  distances  at  a  high  cost  for  freight,  which  in  some  cases 
exceeded  the  original  cost  of  the  coal.    In  compiling  the  by-product 
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cAe  costs  freight  charges  were  eliminated  from  the  cost  of  the  coal, 
m  (xd&!  to  arrive  at  a  better  basis  ioc  c<Hnparison,  namely,  the  aver- 
age cost  of  manufacturing  coke  on  the  basis  of  ovens  situated  at  the 
mines.  The  actual  freight  charges  paid,  however,  are  set  below  and 
included  in  tbe  total  cost  of  coke. 

The  total  production  of  by-product  coke  in  the  five  years  1902  to 
1906,  as  given  by  the  United  States  Geological  Survey,  was  13,914,686 
net  tons.  Reports  to  the  Bureau  covered  the  c<^  of  producing 
3,911^9  net  tons  of  by-product  c<^e  produced  by  iron  and  steel 
making  ctHicems.  The  results  as  here  shown  may  not  be  repre- 
sentative of  the  average  cost  of  the  by-product  coke  industry,  because 
the  costs  cover  only  28  per  cent  of  the  total  production,  and  in  some 
cases  the  plants  were  first  put  in  operation  during  this  period,  and 
doubtless  showed  higher  costs  on  account  of  lack  of  experienoe  in 
operation. 

The  average  costs  of  producing  by-product  coke,  by  years,  1902  to 
1906,  are  given  in  the  following  table: 

TuLE  IV.— ATKSAOE  BOOK  COBT  OF  BT-FRODOCT  COKE,  BY  YliARS,  UCO-igoe. 
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■  Ccol  gn  baoia  of  ovou  sibiaMd  st  ttw  owl  ralDW. 


The  total  producti(Mi  of  by-product  coke  for  the  five-year  period 
1!K)3  to  1906  covered  by  the  cost  statement  was  3,911,349  net  tons,  and 
ranged  frtan  160,263  net  tons  in  1902  to  1,509,447  tons  in  1906.    This 
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great  increase  in  production  was  due  in  part  to  the  absence  of  cer-  I 
tain  plants  in  the  earlier  years  of  this  period.     The  plants   were 
Avidely  separated  and  were  operated  under  different  conditions,  and 
the  variations  in  cost  as  shown  in  the  preceding  table  were  partly 
due  to  the  fact  that  not  all  of  the  plants  included  were  in  operation  i 
for  the  whole  period.  I 

Cost  of  coal  at  mine. — The  average  cost  of  coal  used  in  the 
manufacture  of  by-product  coke  for  the  five  years  was  $0.90  per 
net  ton  and  ranged  from  $0.85  in  1&05  to  $0.97  in  1902.  These  figures 
represent  the  mine  cost  of  the  coal  to  the  coking  company  and  wej-e 
calculated  by  deducting  from  the  cost  of  the  coal  charged  into  the  . 
ovens  the  amount  of  freight  paid  for  transporting  the  coal  from  the 
mines.  The  freight  thus  deducted  is  shown  as  a  separate  item  at 
the  bottom  of  the  table. 

Over  one-half  of  the  coal  used  was  produced  at  mines  owned  by 
the  same  company  producing  the  coke.  This  part  of  the  coal  wa.- 
turned  over  to  the  ovens  at  cost,  the  remainder  being  purchased  in 
the  open  market,  which,  of  course,  included  in  the  cost  at  mine  a 
profit  to  the  selling  company.  It  is  estimated  that  the  profit  on  this 
purchased  coal  increased  the  total  coal  cost  by  about  $0.09  per  net  ton 
of  coal.  This  would  correspond  to  an  increase  in  the  cost  of  coke 
of  $0.13  per  net  ton. 

Waste  in  ctfKiNQ. — The  waste  in  coking  amounted  to  $0.37  per  net 
ton  of  coke  for  the  five-year  period  1902  to  1906,  and  ranged  from 
$0.34  per  net  ton  in  1905  to  $0.56  in  1902.  These  variations  were 
due  in  part  to  variations  in  the  cost  of  coal  and  in  part  to  changes 
in  the  average  yield.  The  percentages  of  yield  during  the  early  part 
of  this  period  were  low  in  comparison  with  the  later  years.  This 
was  particularly  true  of  the  year  1902.  The  percentage  of  yield  in 
each  of  the  years  was  as  follows : 

1902 • 63.  ft 

1003 6&  6 

1904 7a  0 

1005 71. 7 

1906 71.  ft 

In  1902,  the  year  of  the  lowest  yield,  the  average  cost  of  waste  was 
$0.19  per  net  ton  above  the  average  for  the  live  yeais,  of  which  $0.15 
per  net  ton  was  due  to  higher  coal  cost  and  $0.04  per  net  ton  to  lower 
yield.  In  1906,  the  year  of  the  highest  yield,  the  average  cost  of 
waste  was  the  same  as  for  the  five-year  period,  namely,  $0.37  per 
net  ton,  the  decrease  in  the  cost  of  waste  due  to  a  higher  yield  being 
offset  by  a  corresponding  increase  in  the  cost  of  waste  due  to  an 
increase  in  the  cost  of  coal. 

Cost  of  coking. — The  average  cost  of  coking  for  the  five  yeara 
was  $1.19  per  net  ton,  and  ranged  from  $1.05  per  net  ton  in  1905  to 
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$1,60  in  1909.  The  high  cost  in  1902  was  based  upon  a  very  amall 
production  and  can  not  be  regarded  aa  representative.  The  next 
highest  cost  was  $1.29  in  1906,  when  there  was  a  general  increase  in 
the  cost  of  labor  and  materials. 

The  cost  of  operating  labor  amounted  to  $0.52  per  net  ton  and 
ranged  from  $0.46  per  net  ton  in  1905  to  $0.60  in  1902  and  1906.  For 
the  five-year  period  the  item  of  labor  constituted  44  per  cent  of  the 
total  coking  cost,  which  was  much  smaller  than  the  percentage  of 
labor  in  the  aTerage  cost  of  coking  in  beehive  ovens  shown  in  Tables 
III  and  IV,  pages  540  and  541.  The  average  cost  of  materials  was 
$0.29  per  net  ton  and  the  average  cost  of  repairs  for  the  same  period 
was  $0.11  per  net  ton.  General  expense  averaged  $0.17  per  net  ton 
and  ranged  from  $0.15  to  $0.24  per  net  ton.  The  average  deprecia- 
tion charge  was  $0.10  per  net  ton  and  ranged  from  $0.08  in  1904  to 
$0.18  in  1902,  the  high  cost  in  the  latter  year  probably  being  abnormal. 
The  total  cost  of  coking,  namely,  $1.19  per  net  ton  included  the  costs 
of  preparing  and  handling  the  by-products,  and  for  this  reason  the 
cost  of  coking  is  not  comparable  with  that  of  the  beehive  orens.  The 
cost  data  for  some  companies  were  in  such  a  condition  that  these  costs 
could  not  be  separated  from  the  direct  cost  of  coking.  An  examina- 
tion, however,  of  the  costs  of  the  companies  which  gave  the  expense 
separately  of  the  condensing  house,  ammonia  house,  and  other  ex- 
penses of  producing  the  by-products  for  market  showed  an  average 
cost  of  $0.23  per  net  ton  of  coke  produced. 

Valub  of  bt-proddctb. — The  value  of  by-products  obtained  from 
the  ovens  reporting  to  the  Bureau  amounted  to  $0,76  per  net  ton  oi 
coke  for  the  five-year  period,  and  ranged  from  $0.34  in  1902  to  $0.81 
in  1904. 

The  by-products  recovered,  as  previously  noted  (see  p.  61),  con- 
sisted principally  of  gas,  tar,  and  ammonia. 

The  receipts  from  sales  of  surplus  gas  were  comparatively  small. 
Some  plants  reported  no  sales,  and  on  inquiry  it  was  found  that  the 
ovens  were  in  such  condition  that  practically  no  surplus  gas  could  be 
saved,  or  so  small  an  amount  that  no  attempt  was  made  to  sell  or 
use  it.  The  receipts  on  account  of  sales  of  gas  averaged  $0.13  per  net 
ton  of  coke  produced,  and  the  average  price  received  for  the  gas  sold 
for  the  five  years  was  $0.13  per  thousand  cubic  feet. 

The  proceeds  from  the'  sales  of  tar  averaged  $0.17  per  net  ton  of 
coke  produced  for  the  five-year  period.  The  quantity  of  tar  pro- 
duced per  net  ton  of  coal  used  for  this  period  was  55.9  pounds,  vary- 
ing for  different  years  from  52.7  pounds  in  1903  to  61.2  pounds  in 
1905.  The  average  price  received  was  $4.26  per  net  ton  of  tar  and 
ranged  from  $4.09  in  1904  to  $5.40  in  1902. 

Receipts  from  sales  of  ammonia  and  ammonium  sulphate  averaged 
$0.46  per  net  ton  of  coke.    Some  plants  produced  only  ammonium 
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sulphate,  whereas  others  produced  also  ammomacal  liquor  of  varying 
strength.  In  order  to  obtain  a  basis  of  comparison,  the  amraoniacal 
liquor  was  reduced  to  its  equivalent  in  sulphate.  The  averaf^  amount 
of  ammonium  sulphate  produced  per  net  ton  of  coal  used  for  the  five 
years  was  12.6  pounds,  varying  from  5.4  pounds  to  18.1  pounds.  The  | 
average  sales  were  2,5  cents  per  pound  of  ammonium  sulphate,  or 
$50  per  net  ton,  the  price  varying  little  from  year  to  year. 

Total  book  cost. — The  total  book  cost  of  by-product  coke  for.  the 
five-year  period  1902  to  1906  was  $2.95  per  net  tcm,  and  ranged  from 
$2.61  per  net  ton  in  1905  to  $3.28  in  1906.  This  total  book  cost,  as 
previously  noted,  was  largely  the  cost  of  producing  coke  at  ovens 
located  at  the  blast  furnaces,  and  for  this  reason  the  total  cost  is  not 
comparable  with  the  total  book  cost  of  producing  beehive  coke,  which 
waa  generally  produced  at  or  near  the  coal  mines,  without  taking  ac- 
count of  the  freight  charge  for  bringing  the  beehive  coke  to  the  blast 
furnace. 

pBonrs  ON  aAixB  akd  tbakbfem. — The  tot*l  quantity  of  by-product 
c<Ae  ua«d  in  the  manufacture  of  iron  and  8t«el  products  was  trana- 
fened  at  cost. 
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sooE  COST  OP  na  ibon,  iMst-ieoe. 

Section  1.  Introductory. 

Pi^  iron  is  the  fundamental  product  of  the  iron  and  steel  indus- 
try. It  is  produced  by  smelting  iron  ore  mixed  with  fuel,  such  as 
coke,  and  some  fluxing  material,  such  as  limestone,  in  a  blasf  fur- 
nace. The  product  is  essentially  an  alloy  of  pure  iron  and  carbon, 
containing  ordinarily  from  3.5  to  4  per  cent  carbon,  and  also  certain 
other  elements  in  small  but  varying  quantities  which  give  to  it  dis- 
tinctive qualities.  Pig  iron  is  identical  with  cast  iron,  but  the  term 
cast  iron  is  not  ordinarily  used  except  for  that  part  of  the  product 
which  is  intended  for  use  substantially  in  the  same  chemical  con- 
ditiMi  and  for  which  speciflc  compositions  of  pig  iron,  both  as  to 
the  amounts  of  carbon  and  of  certain  other  elements  are  usually  re- 
quited. The  differences  in  the  quality  of  pig  iron  are  very  im[K>r- 
tant,  therefore,  and  a  general  understanding  of  them  is  essential  to 
a  comprehension  of  the  character  of  the  product,  and  the  differences 
in  its  cost  and  value.  The  coats  of  these  different  qualities  depend 
chiefly  an  the  materials  used,  though  to  some  extent  also  on  the  de- 
sign and  equipment  of  the  blast  furnace  and  the  methods  and  con- 
ditioos  of  operation. 

BlaST-FDEWACB    PL.AMT    AND    THE    PBOCE8S    OF   ORE    REDUCTION. — The 

ordinary  American  blast  furnaces  are  structures  of  steel  and  brick 
nearly  cylindrical  in  form,  ordinarily  from  75  to  100  feet  in  hei^t 
and  from  16  to  22  feet  in  diameter  at  the  widest  part.  Generally, 
several  of  them  are  built  near  together  and  operated  more  or  less  as 
a  group,  A  large  steel  works  needs  more  than  one  to  supply  it  with 
inn,  and  a  group  arrangement  affords  some  economies  in  the  acces- 
sory plants  and  equipment.  The  furoaces  are  provided  with  eleva- 
tors for  raising  the  iron  ore,  fuel,  and  fluxing  material  to  the  top  of 
the  furnace  into  which  it  is  charged  through  an  opening  which  is 
afterwards  closed.  The  coke  is  charged  flrst  and  thereafter  alter- 
Date  layers  of  ore,  limestone,  and  coke  are  charged  untU  the  furnace 
is  filled  to  Uie  top. 

The  flux  (Umestone)  is  put  into  the  furnace  to  aid  in  smelting  the 
iron  ore  and  also  when  melted  itself  to  act  as  a  solvent  for  the  im- 
purities of  the  ore  and  fuel,  which  may  thus  be  separated  from  the 
iron. 
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The  fuel  and  the  ore  and  flux  having  been  charged  in  the  furnace 
it  is  then  started  by  igniting  the  fuel  at  the  bottom.  Near  the  bot- 
tom of  the  furnace  a  blast  of  heated  air  is  driven  in,  at  first  slowly  but 
afterwards  at  hi^  pressure,  which  furnishes  the  oxygen  for  the  com- 
bustion of  the  fuel.  As  the  smelting  proceeds  the  charge  of  fuel, 
ore,  and  flux  sinks  in  the  furnace,  so  that  at  short  intervals  of  time 
more  material  must  be  charged  at  the  top  in  order  to  keep  the  fur- 
nace full. 

The  hot-air  blast  is  produced  by  blowing  engine;,  usuilly  s^eam 
engines,  using  either  coal  or  blast-furnace  gas  as  fuel,  although  some- 
times the  furnace  gas  is  used  directly  in  gas  engines.  The  air  is 
heated  by  blowing  it  through  tall  cylindrical  chambers  or  stoves 
standing  beside  the  furnace.  These  stoves  have  an  interior  construc- 
tion of- brick  intended  to  absorb  heat  and  are  heated  by  burning  the 
blast-fumace  gases  in  them  for  a  certain  period  of  time  before  the 
air  is  blown  through. 

.  As  the  iron  melts  it  collects  at  the  bott<»n  of  the  furnace,  together 
with  the  molten  slag.  The  slag,  being  lighter  than  the  molten  iron, 
floats  on  top,  and  thus  each  of  them  can  be  tapped  separately  and 
drawn  off  near  the  bottom  of  the  furnace.  The  slag  is  first  drawn 
and  is  received  in  vessels  or  ladles  mounted  on  cars  which  run  on 
a  lower  level  beside  the  furnace,  so  that  they  can  be  filled  by  gravity. 
It  is  then  either  hauled  away  and  dumped  or  utilized  for  making 
cement  or  brick.  After  the  slag  is  drawn  off  the  iron  is  tapped 
at  a  lower  point  in  the  furnace.  As  it  flows  out  it  is  usually 
handled 'in  one  of  three  ways,  viz,  (1)  run  into  sand  beds  which 
are  laid  out  in  a  series  of  molds,  where  the  iron  is  cast  in  the 
form  of  "  pigs  "  and  allowed  to  cool  slowly ;  (2)  poured  into  a  metal 
casting  machine,  which  automatically  receives  small  quantities  in 
a  series  of  troughlike  receptacles,  which  are  successively  submerged 
in  water  to  solidify  the  iron  in  "  pig "  form,  after  which  it  is 
dropped  into  cars;  (3)  run  into  a  large  vessel  or  ladle  on  a  car  and 
transported  in  a  molten  condition  to  the  steel  works.  Generally 
spealdng,  foundry  and  forge  irons  are  cast  in  "  pig "  form  and 
allowed  to  become  cold,  but  iron  intended  for  steel  works  at  the  same 
place  as  the  furnaces  is  usually  handled  directly  in  its  molten  condi- 
tion. Although  this  iron  is  not  cast  in  "  pigs,"  it  is  spoken  of  as 
pig  iron. 

BuiST-rDHNACB  PLANT  IN  RELATION  TO  COST  OF  PIG  IRON. — Consider- 
able differences  are  found  in  the  cost  of  pig  iron,  whidi  depend  partly 
on  the  character  of  the  blast-fumace  plant  and  its  equipment.  The  fur- 
naces themselves  are  large  and  expensive  structures,  and  if  carefully 
operated  and  kept  in  good  repair  sometimes  last  for  several  decades. 
It  often  happens,  therefore,  that  very  antiquated  styles  of  furnaces  are 
to  be  seen  in  swne  places,  particularly  where  the  volume  of  produc- 
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tion  is  not  capable  of  great  expansion,  so  that  it  is  more  economical 
to  keep  the  old  furnaces  than  to  build  modem  ones  of  larger  size. 
This  often  applies  also  to  the  accessory  plants  of  the  furnace,  in- 
cluding blowing  engines,  stoves,  elevators,  ore  bins,  etc.  Where,  on 
the  other  hand,  the  production  is  large  and  expanding  rapidly  it  may 
be  found  more  economical  to  replace  the  old  furnaces,  even  though 
in  good  condition,  by  new  ones  of  larger  capacity  and  better  equip- 
ment. Where  there  is  plenty  of  room,  however,  the  old  furnaces 
are  sometimes  kept  in  reserve  for  periods  of  great  demand.  More- 
over, they  may  be  provided  with  modem  equipment  for  charging 
and  with  modem  blowing  engines,  so  that  they  are  not  always  greatly 
inferior  to  new  furnaces.  The  modem  furnaces  generally  differ 
from  the  old  ones,  having  much  greater  size,  capacity,  and  facilities 
for  charging  raw  materials  and  handling  the  product. 

Improvements  in  plant  and  equipment  generally  have  the  pur- 
pose of  economizing  materials  and  labor.  These  results  may  be 
accomplished  in  various  ways,  but  chiefly  {1)  by  increasing  the 
capacity,  (2)  1^  improvements  in  design  and  equipment  tending  to 
facilitate  the  process  of  smelting  or  to  save  the  materials  used  or  the 
energy  developed,  and  (3)  by  introducing  mechanical  and  automatic 
methods  in  place  of  hand  labor. 

The  various  improvements  in  blast-furnace  construction  and 
equipment  are  very  differently  combined  in  particular  plants,  de- 
pending on  various  circumstances,  technical  and  financial,  besides 
differences  in  judgment  as  between  different  managers.  Certain 
contrasts  may  be  made,  however,  between  particular  features  in  con- 
struction and  equipment  commonly  found  during  the  period  here 
under  consideration,  merely  to  illustrate  the  conditions  upon  which 
some  of  the  variations  in  furnace  costs  depend. 

Sise  and  capacity  of  blast  furnaces. — There  are  great  differences 
in  the  sizes  and  capacities  of  blast  furnaces.  Such  differences  are 
generally  found  in  the  plants  of  the  most  important  comp&nies  where 
the  number  of  furnaces  operated  ia  large.  The  more  important  fact, 
however,  is  that  there  are  considerable  local  differences,  taking  an 
average  of  a'l  of  the  furnaces  in  a  locality.  Furnace  plants  working 
on  small  local  ore  deposits,  as  in  certain  parts  of  the  East  and  Sonth, 
with  sometimes  limited  markets  of  sale,  are  often  limited  in  the 
scope  of  their  operations,  and  consequently  the  size  and  capacity  of 
the  furnaces  are  smaller.  A  more  important  circumstance  is  the 
character  of  the  ore.  As  capacity  is  measured  in  tons  of  pig  iron, 
the  output  from  a  furnace  of  given  dimensions  depends  largely  on 
lie  richness  of  the  ores  used.  It  takes  just  about  as  much  labor  to 
operate  a  given  furnace  whether  rich  or  lean  ores  are  used;  henoe 
furnaces  using  the  latter  must  be  expected  to  show  higher  labor  costs 
per  ton  of  pig  iron  produced,  other  things  being  equal. 
77232°— IS 8 


80  THE  STEEL  INDTTSTET. 

The  size  of  a  blast  furnace  is  important  in  relation  to  cost,  not 
only  on  account  of  the  proportion  of  labor  cost  per  ton  of  output, 
but  also  in  respect  to  economies  in  use  of  fuel.  For  example,  it  is 
stated  on  good  authority  that  the  fuel  consumption  per  ton  of  prod- 
uct is  less  in  an  80-foot  furnace  than  in  a  50-foot  furnace,  but  the 
same  authority  states  that  for  Lake  Superior  ores  a  100-foot  furnace 
does  not  g^ve  better  fuel  results  than  a  90- foot  furnace.' 

Devices  for  saving  material,  energy,  etc. — The  most  important  of 
these  devices  perhaps  are  correct  design  and  construction  of  the  blast 
furnace  to  insure  efficient  conditions  for  smelting  the  charge  of  ore  and 
flux  and  proper  equipment  for  the  air  blast,  especially  with  relati<m  to 
its  pressure,  temperature,  and  dryness.  There  have  been  extraordi- 
nary differences  in  fuel  consumption,  dependent  diiefly  on  these 
factors,  during  the  course  of  the  perfection  of  the  blast  furnace,  and 
very  important  differences  exist  to-day  in  these  respects. 

Secondly,  it  should  be  noted  that  by  a  proper  equipment  of  the 
furnace  plant  the  gases  from  the  blast  furnace  may  be  utilized  for 
heating  the  stoves  and  for  the  blowing  engines,  either  indirectly 
(steam  engines)  or  directly  (gas  engines).  In  so  far  as  the  furnace 
gas  is  not  utilized  other  fuel  must  be  substituted,  involving  addi- 
tional cost.  Probably  few,  if  any,  of  the  furnaces  for  which  pig- 
iron  costs  are  shown  here  were  without  such  equipment  for  economiz- 
ing fuel.  It  has  already  been  noted  that,  especially  with  fine  ores,  a 
considerable  quantity  of  ore  is  blown  out  of  the  furnace  through  the 
flues  which  carry  off  the  gases.  The  better  equipped  furnaces  under 
such  conditions  generally  have  devices  for  saving  this  ore  dust, 
which  can  subsequently  be  recharged  in  the  furnace.  Various  by- 
products of  value  are  sometimes  recovered  from  the  blast  furnace, 
but  these  do  not  have  much  importance  for  the  pig-iron  production 
here  under  consideration. 

Labor-saving  devices. — In  the  districts  where  liake  ore  is  used  it  is 
necessary  to  keep  large  stocks  on  hand,  because  shipping  is  not  con- 
tinuous during  the  whole  year.  This  makes  necessary  more  elaborate 
storage  arrangements  than  in  other  districts  such  as  the  South, 
where  ore  may  be  shipped  from  the  mines  as  needed.  In  handling 
large  stock  piles  of  ore  great  variations  in  equipment  are  found. 
The  primitive  system  of  shoveling  the  ore  from  the  car  to  the  stock 
piles  is  seldom  found  fo-day,  various  patterns  of  dump  or  hopper 
cars  being  generally  used.  The  latter  are  adapted  to  works  which 
have  railway  trestles  over  their  ore  bins.  Some  plants  have,  how- 
ever, a  device  for  raising  the  ore  car  bodily  and  turning  it  upside 
down  over  the  ore  bin ;  this  furnishes  perhaps  the  most  rapid  syston 
of  unloading,  but  is  economical  only  when  the  tonnage  handled  is 
very  large. 
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In  charging  the  furnace  with  ore  and  oiket  materials  the  small  cars 
loaded  for  this  purpose  are  sometimes  hoisted  in  vertical  elevators, 
each  of  which  may  serve  one  or  more  furnaces,  but  this  system  requires 
several  men  at  the  top  of  the  elevator  to  push  the  cars  over  the  top  of 
the  furnace  and  dump  the  contents  into  it.  The  more  usual  system  is 
the  inclined  elevator  whereby  the  skip  car  is  conveyed  mechanically 
directly  above  the  opening  at  the  top  of  the  furnace  and  dumped 
automatically,  only  one  man  being  necessary  to  superintend  this 
mechanical  action. 

Similar  labor-saving  devices  exist  for  handling  the  products  of 
the  blast  furnace,  both  the  slag  and  the  pig  iron.  The  most  striking 
is  the  casting  machine  already  referred  to  above,  which  operates 
mechanically  with  little  need  for  labor  in  managing  it. 

The  furnaces  of  large  capacity  are  generally  the  ones  that  have 
the  best  labor-saving  devices.  Dividing  furnaces  according  as  they 
were  well  equipped  with  labor-saving  devices  or  not,  the  cost  data 
received  by  the  Bureau  indicated  a  large  difference  in  labor  cost, 
sometimes  as  much  as  $0.75  per  ton  in  favor  of  furnaces  with  modem 
mechanical  equipment. 

QuALITr  AND  COST  OF  RAW   HATESIAU  IN  EBIATION  TO  THE  COST  OF 

PIG  IRON.— The  chief  factor  in  the  cost  of  pig  iron  is  the  cost  of 
materials,  and  this  depends  to  some  extent  on  the  way  the  ore,  fuel, 
and  flux  are  combined.  It  is  convenient  to  consider  separately  the 
three  materials,  iron  ore,  fuel,  and  flux,  and  the  cost  of  assembling 
these  materials. 

Iron  ore. — It  is  evident  that  the  cost  of  production  of  pig  iron  is 
greatly  affected  by  the  character  or  quality  of  the  ore,  not  only  with 
respect  to  the  amount  of  iron  it  contains  but  also  with  respect  to  its 
working  well  in  the  furnace  with  given  kinds  of  fuel  and  flux.  Glen- 
erally  speaking,  the  first  tests  applied  to  ore  of  recognized  commercial 
utility  are,  first,  its  suitability  for  making  a  given  kind  of  pig  iron,  as, 
for  example,  Bessemer  or  basic,  and,  second,  its  iron  content  or  per- 
centage of  iron.  If  the  ore  is  high  in  phosphorus,  for  example,  it 
is  useless  for  the  Bessemer  process,  even  though  rich  in  iron.  It  is 
available,  however,  for  making  other  grades  of  iron  and  steel.  This 
fact  is,  of  course,  reflected  in  the  price  of  ore  or  its  cost  to  the  blast 
furnace  works.  While  the  cost  of  mining  the  two  grades  of  ore, 
Bessemer  and  non-Bessemer,  is  practically  the  same  under  similar 
circumstances — as,  for  example,  in  a  giv^i  district  such  as  the  Mesabi 
Range — the  value  of  the  Bessemer  ore  is  greater  because  the  iron 
made  from  it  commands  a  higher  price. 

In  the  same  way  the  general  physical  characteristics  of  the  ore  may 
have  a  marked  influence  on  its  value.  Thus  Mesabi  ores,  being  fine, 
are  less  valuable  than  the  Old  Range  ores,  which  are  mostly  hard. 
This  distinction  for  Lake  ores  has  generally  been  of  more  importance 
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in  fixing  the  price  than  the  difference  in  grade  (Bessemer  or  non- 
Bessemer).  The  reasons  for  this  particular  difference-are  that  fine 
ores  require  more  fuel,  are  more  likelj  to  clog  the  furnace,  and  thus 
cause  great  loss  and  inconvenience,  and  also  to  blow  out  through  the 
gas  flues  and  so  be  wasted. 

The  grade  and  physical  character  of  the  ore  being  the  same,  the 
most  important  factor  generally  is  the  iron  content.  This  is  ex- 
pressed in  the  number  of  units  or  percentage  of  iron.  The  value  of 
the  ore  or  its  cost  to  the  furnace  does  not  vary  in  exact  proportiM 
to  the  number  of  units  of  iron,  because  the  ores  with  lower  iron  con- 
tent, other  things  being  equal,  require  more  fuel  to  smelt  them  per 
unit  of  iron  and  more  fiux  than  the  ores  with  higher  iron  c<)Dt«)t, 
besides  more  labor  in  handling  these  materials. 

In  order  to  get  a  suitable  ore  charge  for  the  furnace  it  is  the  gen- 
eral practice  to  mix  the  ores;  in  this  manner  the  iron  content  and  the 
percentage  of  phosphorus  and  other  elements  can  be  better  regulated. 

Besides  mixing  ores,  it  is  often  the  practice  to  put  other  iron- 
hearing  substances  in  the  furnac«,  such  as  cinder  and  scrap  iron  or 
steel. 

Fuel. — The  great  bulk  of  the  pig  iron  produced  in  Ihe  United 
States,  as  already  stated,  is  made  with  coke. 

The  quality  and  value  of  standard  coke  vary  according  to.  heating 
power,  strength,  and  purity.  For  blast-furnace  purposes  the  coke 
must  be  of  proper  size,  and  certain -limits  may  be  fixed  for  ash, 
moisture,  and  sulphur,  or  other  impurities.  Furnace  coke,  however, 
is  not  graded  like  ore  and  is  generally  sold  at  a  flat  price  for  ordi- 
nary or  standard  quality,  with  occasional  extras  or  concessions  for 
material  which  is  distinctly  above  or  distinctly  off  grade,  respectively. 

The  coke  cost  for  pig  iron  depends  not  only  on  the  quality  and 
price  of  the  coke  used,  but  also  <mi  economical  nianagement  of  the 
fuel  in  the  furnace. 

Fl'ua. — The  flux  for  smelting  the  iron  ore,  which  is  generally  lime- 
stone for  the  pig-irwi  production  here  under  cOTisideration,  is  a  com- 
paratively small  element  of  cost,  and  the  variations  are  largely  ques- 
tions of  freight  charges  to  the  furnace.  Limestone  is  abundant 
everywhere  and  is  generally  quarried  by  the  pig-iron  producers  them- 
selves near  the  locations  of  the  furnaces.  It  is  not  a  material  for 
which  a  general  commerce  exists,  as  for  ore  and  coke. 

Assembling  raw  materials, — As  all  three  of  these  materials  are 
seldom  produced  side  by  side,  one  or  more  of  them  must  be  carried 
to  the  blast  furnace,  and  this  cost  of  carriage  forms  often  a  very 
large  part  of  the  total  cost  of  the  ore  or  of  the  coke  at  the  furnace. 

It  is  commonly  found  that  the  pig-iron  making  industry  is  estab- 
lished either  near  the  place  of  ore  production  or  near  the  place  of  coke 
production,  hut  important  individual  plants,  and  even  producing  dis- 
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tricts,  are  BMiietimes  found  at  intermediate  localities,  to  which  both 
of  the  chief  raw  materials,  ore  and  coke,  are  carried. 

Where  the  ore  is  brought  from  a  long  distance  to  the  c<A;e  it  is 
generally  important  that  it  should  have  a  hi^  irtm  content  and  a 
relatively  low  transportation  cost. 

The  determination  of  the  problem  of  the  beat  point  to  assemble 
the  ore  and  coke  is  also  Influenced  by  other  coat  factors  of  importance, 
such  as  tramportation  facilities,  abundance  and  cheapness  of  water 
supply  for  the  furnace  and  boilers,  suitability  of  climate,  availability 
of  efficient  labor,  differences  in  rates  of  wages,  etc,  but  these  are 
conditions  affecting  not  the  cost  of  assembling  materials,  but  the 
cost  of  converting  materials  into  pig  iron. 

Kinds  of  pig  iron  and  relation  to  cost  and  value. — The  quality 
of  the  pig  iron  produced  depends  partly  on  the  character  of  the  mate- 
rials— ore,  fuel,  and  flux — charged  in  the  furnace,  and  partly  wi  the 
way  the  furnace  is  operated;  as,  for  example,  the  tem.perature  de- 
veloped. The  economical  management  of  a  blast-furnace  plant  re- 
quires scientific  knowledge  and  practical  ^11  in  the  selection  of  the 
best  combinations  of  ores,  fuels,  and  fluxes,  and  in  the  judicious 
operation  of  tiie  furnace.  Even  with  the  best  materials  bad  furnace 
practice  will  result  in  iron  of  excessive  cost,  poor  quality,  and  low 
value. 

The  principal  kinds  of  pig  ir<»i  produced  in  the  United  States  are : 
Bessemer,  basic,  foundry,  and  forge.  Besides  these  there  are  a  va- 
riety of  special  qualities,  such  as  malleable  Bessemer,  low  phosphorus, 
high  silicon,  etc  Similar  in  principle  of  manufacture  are  spiegel- 
eisen  and  ferromanganese,  which  are  combinations  of  iron  and  man- 
ganese, iron  predominating  in  the  former  and  manganese  in  the 
latter.     These  are  not  generally  classed  as  pig  iron. 

Bessemer  iron. — The  most  important  kind  of  pig  iron  produced 
in  the  United  States  during  the  five  years  (1902  to  1906)  here  under 
consideration  was  Bessemer  iron.  This  is  a  quality  of  pig  iron  which 
is  suitable  for  the  production  of  sted  by  the  original  Bessemer  proc- 
ess.    (See  p.  129.) 

The  chief  characteristic  of  Bessemer  pig  iron  is  that  it  contains  not 
more  than  0.1  per  cent  of  phosphorus,  and  at  least  1  per  cent  of  sili- 
con. This  limitation  in  phosphorus  is  necessary  because  the  ordinary 
Bessemer  process  does  not  furnish  any  means  of  eliminating  it  from 
pig  iron,  and  phosphorus  in  pig  iron,  exceeding  the  percentage  stated. 
does  not  make  steel  of  suitable  quality.  For  this  reascHi  Bessemer 
iron  must  be  made  from  so-called  Bessemer  ores  which  generally 
average  less  than  0.05  per  cent  phosphorus,  as  it  requires  nearly  2  tons 
of  ore  to  produce  1  ton  of  pig  iron.  These  ores  «re  more  expensive 
than  the  non-Bessemer  grades,  and  hence  the  cost  of  Bessemer  pig 
iron  is  generally  higher  than  for  other  grades  which  do  not  require 
Bessemer  ore. 
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Basic  iron. — Second  in  importance  to  Bessemer  iron  (during  IIm 
period  1902  to  1906)  was  basic  iron.  Basic  iron  is  iron  in  which  the 
phosphorus  content  exceeds  0.1  per  cent,  and  is  made  from  non- 
Bessemer  ores,  or  those  which  contain  more  than  0.05  per  <»nt 
phosphorus.  It  is  called  basic  because  it  is  suitable  for  the  manufac- 
ture of  steel  by  the  basic  process.  In  the  United  States  the  only  basic 
steel-making  process  in  pres^it  use  is  the  basic  open-hearth  process. 
(See  p.  130.)  Even  for  this  process  excessive  phosphorus  is  unde- 
sirable. 

The  cost  of  basic  iron  is  less  than  Bessemer,  hut  its  value  is  less 
also  partly  on  account  of  the  limitations  in  its  use  and  partly  on 
account  of  the  greater  expense  of  converting  it  into  steel.  Conse- 
ijuently  non-Bessemer  ores  are  cheaper  than  Bessemer  ores.  If 
cheaply  mined  Bessemer  ores  were  available  in  unlimited  quantities, 
there  would  be  therefore  a  much  more  restricted  use  for  non- Bessemer 
ores.  While  basic  iron  was  less  important  as  regards  quantity  of 
output  during  the  period  1902  to  1906,  its  production  has  increased 
more  rapidly  than  Bessemer  in  recent  years. 

Foundry  iron. — This  grade  of  iron  includes  a  wide  variety  of  pig 
irons  which  are  suitable  for  casting.  While  for  certain  kinds  of 
castings  a  Bessemer  quality  is  desirable,  this  is  not  generally  the  case. 
Hence  for  foundry  irons  the  presence  of  more  than  0.1  per  cent 
phosphorus  is  not  a  defect.  In  fact,  for  certain  lands  of  intricate 
castings  it  is  an  advantage.  Most  foundry  irons  contain  considerable 
phosphorus,  because  it  is  not  generally  injurious  in  eastings  and 
the  non-Bessemer  ores  which  contain  considerable  phosphorus  are 
cheaper. 

Foundry  irons  vary  considerably  in  cost  and  value.  Generally 
speaking,  the  cost  is  lower  than  for  Bessemer  iron,  because  the  ores 
ordinarily  used  are  cheaper.  The  product  of  the  furnace,  however, 
depends  a  good  deal  on  the  methods  of  operating  it,  and  some  grades 
can  be  made  more  cheaply  than  others. 

Forge  iron. — This  kind  of  pig  iron  is  fourth  in  rank  in  respect  to 
the  tonnage  produced.  Forge  iron  is  a  grade  suitable  for  making 
wrought  iron  in  the  puddling  furnace,  and  was  of  much  greater 
relative  importance  in  former  times  than  at  present-  As  the  puddling 
process  is  highly  effective  in  eliminating  phosphorus  or  in  rendering 
it  harmless  in  the  finished  wrought  iron,  forge  iron  can  be  made  from 
non-Bessemer  ores  and  other  iron-bearing  substances  containing  a 
large  percentage  of  phosphorus,  such  as  cinder  from  puddling  fur- 
naces. The  grades  of  forge  iron,  however,  are  different  and  con- 
sequently they  have  different  costs  and  values. 

As  foundry  and  forge  irons  are  not  used  in  making  steel  products, 
comparatively  little  information  was  obtained,  except  for  Southern 
foundry.  For  Northern  foundry  and  forge  iron  the  information  was 
insufficient  to  make  it  practicable  to  give  the  results  in  detail. 
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Section  2.  Book  cost  of  BesBemer  p^  iron,  1802-1906. 

During  the  five-year  period  1902  to  1906  the  production  of  Besse- 
mer pig  iron,  namely,  65,729^69  tons,  constituted  55.4  per  cent  of  the 
total  pig-iron  production  of  the  United  States.  Of  this  total  produc- 
tion of  Bessemer  iron  the  cost  data  which  are  presented  in  this  report 
cover  61,902,699  tons,  or  93.1  per  cent. 

The  cost  of  Bessemer  pig  iron  is  here  compared  by  years  and  by 
districts.  For  the  district  comparison  it  is  suiSciunt  to  take  the  five- 
year  averages  for  the  period  1902  to  1906.  Such  n  comparison  is  pref- 
erable to  one  by  years,  as  it  tends  to  show  more  accurately  the  pre- 
vailing local  di  fferences  in  cost  of  production.  The  districts  for  which 
such  a  comparison  can  be  made  are  limited  by  the  condition  that  cost 
figures  can  not  be  shown  for  districts  in  which  only  one  or  two  impor- 
tant plants  are  included  in  the  cost  average,  as,  for  example,  the  west- 
em  district  (Colorado),  For  comparison  the  production  has  been  ar- 
ranged by  districts,  as  follows:  (1)  Chicago  and  Western,  (2)  Lake 
Erie,  (3)  Valley,  (4)  Pittsburgh,  (5)  Wheeling,  (6)  Eastern.  The 
Chicago  and  Western  district  includes  certain  plants  near  Chicago, 
chiefiy  on  the  shores  of  Lake  Michigan,  and  also  a  large  plant  in 
Colorado.  The  Lake  Erie  district  wnbraces  the  furnaces  located 
on  or  near  the  shores  of  Lake  Erie.  The  Valley  district  comprises 
the  furnaces  in  the  Mahoning  and  Shenango  Valleys  as  generally 
defined  by  the  trade.  The  Pittsburgh  district  embraces  the  furnaces 
located  in  and  around  Pittsbui^h,  according  to  tHfe  boundaries  gen- 
erally accepted  by  the  trade.  The  Wheeling  district  embraces  certain 
furnaces  in  the  vicinity  of  Wheeling  and  also  certain  others  in  central 
Ohio,  and  is  referred  to  as  the  Wheeling  district  for  brevity.  The 
Eastern  district  comprises  all  the  furnace  plants  covered  by  the  cost 
statements  which  lie  east  of  the  Pittsburgh  district. 

For  the  great  bulk  of  the  Bessemer  pig  iron  the  basis  of  production 
was  Bessemer  Lake  ore  and  Connellsyille  coke.  In  all  of  the  districts 
except  the  Eastern  and  the  Chicago  and  Western  the  production  was 
based  entirely  on  Lake  ore  and  almost  wholly  on  Connellsville  coke. 
The  ore  was  usually  purchased  by  the  blast-furnace  company  at  the 
prevailing  market  prices  at  lower  Lake  ports.  The  furnace,  if  not 
located  at  a  Lake  port,  was  obliged  to  pay  in  addition  to  the  price  at 
lower  Lake  ports  the  freight  on  the  ore  from  lower  Lake  ports  to  the 
furnace.  For  a  very  large  part  of  the  ore  consumed  this  freight  rate, 
less  dock  allowance,  ranged  from  about  $0.61  to  $1.09  per  ton  (see 
p.  90) ,  and  even  higher  for  such  furnaces  in  the  Eastern  district  as 
used  Lake  orts.  The  high  cost  of  Lake  ores  at  the  furnace  was  chiefly 
due,  therefore,  to  the  expense  of  transportation.  It  should  not  be  for- 
gotten, however,  that  the  profits  charged  on  such  ores  were  also  very 
high.  The  average  profits  cm  the  sales  and  transfers  of  all  Lake  ore, 
amounting  to  $0.66  (see  p.  56) ,  do  not  adequately  represent  the  profits 
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on  the  Bessemer  grades,  which  were  much  grester  than  the  average. 
The  amount  of  this  profit  is  shown  approximately  in  another  place. 
(See  Table  88,  p.  278.) 

While  this  ore  had  a  high  cost  delivered  at  the  furnace,  it  had  also  a 
relatively  high  value  on  account  of  its  high  iron  content,  averaging 
over  54  per  cent  actual  yield  for  the  period  under  consideration.  The 
Lake  ores  as  ordinarily  mixed  and  used  in  the  furnace  were  also 
favorable  in  other  respects  for  economical  operation  in  the  furnace 
and  for  good  quality  of  product. 

Connellsville  coke  was  generally  purchased  at  the  ovens  in  the  ooal- 
producing  district,  and  freight  was  paid  in  addition  for  transport*-  ; 
tion  to  the  blast-furnace  plant.  The  amount  of  freight  varied  greatly 
as  between  districts  near  the  region  of  production,  such  as  Pittsburgh, 
and  distant  localities,  such  as  Chicago  and  Milwaukee,  ranging  frran  i 
$0.60  to  $3.75  per  net  ton  of  coke.  This  made  the  fuel  expense  very 
high  in  some  districts,  but  such  districts  generally  had  lower  ore  costs.  '■ 
High  prices  were  paid  for  Connellsville  coke  on  account  of  its  excep-  , 
tional  quality,  which  not  only  made  it  possible  to  smelt  the  ore  with  a  ! 
relatively  low  fuel  charge,  but  also  on  account  of  its  purity,  which  in-  i 
sured  a  high  quality  in  the  pig  iron  produced.  \ 

The  average  book  cost  of  Bessemer  pig  iron  by  years,  1902  to  I 
1906,  and  the  average  book  cost  for  the  five-year  period,  by  districts,  I 
are  shown  in  the  two  following  tables.  I 

Subjoined  to  the  tables  are  certain  statistical  data  respecting  prices 
and  quantities  of  materials  used,  which  are  also  derived  from  the  cost   < 
sheets,  and  which  are  of  importance  in  analyzing  the  results. 

TiBl*  U.-AVKRAOE  BOOK  COBT  OF  BESSEMER  PIO  IRON,  BY  YKAKS,  IMt-lMl. 
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Tabu  18.— AySBAGE  BOOK  COST  OF  BEBSEllBB  PIO  IRON,  ETC—Cantlnacd. 
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These  tables  show  not  only  the  items  of  furnace  cost  and  the  addi-' 
tional  costs  from  the  profit  and  loss  accounts,  but  atBo,  as  stated  above, 
certain  analyses  of  the  prices  and  quantities  of  materials  used.  | 

The  total  production  of  Bessemer  pig  iron  covered  by  these  costs 
was  51,902,699  tons,  and  ranged  from  8,386,557  tons  in  1904  to 
13,088,838  tons  in  1906.  The  production  in  the  first  year,  1902, 
was  9,458,684  tons.  In  the  intermediate  years  a  declining  tendency 
appears,  namely,  in  1903  and  1904,  the  latter  year  being  a  period  of 
dullness  in  the  iron  trade. 

There  were  considerable  differences  in  the  average  cost  of  produc- 
tion for  the  different  districts  comprised  in  this  statement,  and  the 
production  from  these  districts  did  not  bear  constant  proportions 
to  the  total  from  year  to  year.  The  district  with  the  widest  variation 
in  proportion  of  tonnage  and  also  the  lowest  average  furnace  cost  for 
the  five-year  period  was  the  Lake  Erie  district.  This  district  showed 
a  considerable  increase  in  its  percentage  of  the  total  output  from  8.5 
per  cent  in  1902  to  14.7  per  cent  in  1906.  Its  proportion  of  the  total 
output  was  so  small  in  any  year,  however,  that  this  fact  was  of  no 
great  significance  for  the  average  cost  movement,  and  was  entirely 
overshadowed  by  the  changes  in  the  cost  of  raw  materials  which 
affected  all  districts  in  about  the  same  degree.  The  most  important 
district,  Pittsburgh,  did  not  show  any  very  marked  changes  in  its 
proportion  of  the  total  output  of  about  32  per  cent,  while  its  furnace 
cost  did  not  vary  widely  from  the  average  in  any  year.  No  marked 
tendency  affecting  the  movement  of  furnace  cost  can  be  traced,  there- 
fore, to  the  changes  in  tonnage,  either  for  the  total  output  or  for 
the  output  of  particular  districts.  The  fact  that  the  average  freight 
rates  on  ntl  her  ore  nor  coke  showed  much  variation  from  year  to 
year  practically  confirms  this  statement. 

Furnace  cost. — The  furnace  cost,  i.  e.,  excluding  additional  cost, 
averaged  $13.26  for  the  five-year  period,  and  ranged  from  $12.47 
in  1904  to  $14.29  in  1903.  It  can  not  be  said  that  any  general 
tendency  is  evident  with  respect  to  the  movement  of  average  yearly 
cost,  the  reasons  for  which  will  be  more  evident  after  considering  the 
fluctuations  in  the  prices  and  costs  of  the  raw  materials. 

The  average  furnace  cost  by  districts  varied  for  the  five-year  period 
from  $12.74  for  the  Lake  Erie  district  to  $14.01  for  the  Eastern. 
Disregarding  the  Eastern,  which  used  large  proportions  of  other 
materials  than  Lake  ore  and  Connellsville  coke,  the  district  with  the 
next  highest  furnace  cost  was  Chicago  and  Western,  for  which  this 
cost  was  $13.64,  or  $0.80  higher  than  Lake  Erie.  Pittsburgh,  the 
principal  producing  district,  occupied  an  intermediate  position  with 
a  furnace  cost  of  $13.03. 

Cost  of  raw  materials.— The  items  of  cost  to  be  considered  here 
are  net  metallic  mixture  (ore),  coke,  and  limestone.    For  these  three 
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J  items  combiDed  the  avenge  cost  for  the  five-year  period  was  $11.62, 

I  ind  ranged  &om  $10.91  in  1904  to  $12.41  in  1903.    These  materials 

i   comprised  87.6  per  cent  of  the  total  furnace  cost  for  the  five-year 

i   average,  and  the  considerable  variations  in  the  furnace  cost  were 

substantially  determined  by  the  variations  of  these  items.     As  the 

limestone  cost  did  not  vary  much,  it  would  be  more  exact,  indeed, 

to  say  that  the  variations  in  furnace  cost  depended  chiefly  on  the 

variations  in  the  prices  of  ore  and  coke. 

Xet  metallic  mixture. — The  original  quantity  of  ore,  cinder, 
scrap  iron,  or  other  iron-bearing  material  charged  in  the  furnace 
is  called  the  gross  metallic  mixture.  For  producing  the  51,902,699 
tons  of  Bessemer  iron  during  the  five-year  period  1902  to  1906,  the 
gross  metallic  mixture  amounted  to  97,266,813  tons,  with  an  average 
price  of  $4.07  per  ton.  This  average  price  was  substantially  the 
average  price  of  the  ore,  including  transportation,  for  delivery  at  the 
furnaces,  although  in  so  far  as  small  quantities  of  cinder  and  waste 
or  scrap  iron  were  charged,  at  varying  prices,  this  average  price 
differed  from  the  price  of  the  ore.  In  the  process  of  smelting,  some 
ore  is  blown  from  the  furnace,  and  in  casting,  some  iron  is  spilled  or 
spoiled;  the  greater  part  of  this  is  saved,  however,  and  put  back  into 
the  furnace.  Thus,  for  the  five-year  period,  1,917,287  tons  of 
such  material  was  recharged  in  the  furnaces  at  an  average  value 
of  $8.71  per  ton.  Crediting  this  material  and  the  value  thereof  to 
the  tonnage  and  the  cost  of  the  gross  metallic  mixture,  respectively, 
gives  the  tonnage  and  cost  of  the  net  metallic  mixture,  namely, 
95,349,526  tons,  with  an  average  price  of  $3.97  per  ton,  or  total  value 
of  $378,825,410.  Dividing  this  amount  by  the  tons  of  pig  iron  pro- 
duced, namely,  51,902,699  tons,  gives  the  cost  of  the  net  metallic 
mixture  per  ton  of  pig  iron,  namely,  $7.30.  These  data,  with  some 
additional  details,  are  shown  in  tabular  form  as  follows : 
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The  above  figures,  for  the  total  production  of  the  five-year  period 
1902  to  1906,  are  merely  given  as  an  illustration  of  the  method  of 
computation;  the  same  principle  is  applicable  throughout  to  each 
vear  and  to  eadi  furnace  for  the  entire  tonnage  in  question. 


n,s,t,..d:,i.  Google 


90  TH£   STEEL  INDtTSTKT. 

The  average  cost  of  the  net  metallic  mixture  per  ttm  of  pig  iron 
produced  was  $7.30  for  the  five-year  period,  as  shown  above,  and 
ranged  from  $6.98  in  1905  to  $7.59  in  1903,  showing  a  maximum  vari- 
ation of  $0.61  per  ton  in  the  cost  of  pig  iron.  The  range  by  districts 
was  from  $6.29  per  ton  for  the  Chicago  and  Western  district  to  $8.22 
for  the  Pittsburgh  district.  The  cost  for  the  Lake  Erie  district, 
$6.30  per  ton,  v/as  almost  as  low  as  the  lower  cost  stated  above. 

In  spite  of  divergencies  in  different  years  there  were  important 
normal  differences  in  the  cost  of  the  net  metallic  mixture  between 
the  various  districts.  Thus,  for  the  districts  including  furnaces 
chiefly  near  the  Great  Lakes,  i.  e.,  the  Lake  Erie  and  the  Chicago 
and  Western  districts,  the  average  cost  was  much  lower  than  for 
those  located  at  a  considerable  distance  therefrom,  such  as  Pitts- 
burgh or  Wheeling,  while  an  intermediate  district,  namely,  the 
Valley,  had  an  intermediate  cost.  The  Eastern  district,  which  used 
local  and  Cuban  ores  to  a  large  extent,  can  not  be  properly  com- 
pared with  the  others.  The  reason  for  tiiese  normal  differences  is 
obvious  and  has  already  been  stated,  namely,  the  different  costs  of 
transporting  Lake  ore  from  the  lower  Lake  ports  to  the  furnaces. 

The  cost  of  carrying  Lake  ore  from  lower  Lake  ports  to  the  fur- 
naces, based  partly  on  data  furnished  as  to  actual  costs,  and  for  the 
Valley,  Pittsburgh,  and  Wheeling  districts  on  transportation  rates, 
less  dock  allowances,  are  computed  as  follows: 

CMcago' *0.0T 

Ijake   Erie .  05 

Valley .61 

Pittsburgh 1. 09 

Wheeling .66 

The  Eastern  district  is  not  included  in  this  computation,  as  a 
large  proportion  of  its  ore  was  of  other  lands  than  Lake  ore.    The    i 
mere  j-spection  of  these  freight  rates  indicates  why  the  cost  of  the 
net  metallic  mixture  was  lower  for  the  Lake  Erie  and  the  Chicago 
districts  than  for  the  others;  it  also  shows  why  Pittsburgh  had  the 
highest  cost  for  net  metallic  mixture.     That  this  is  substantially    | 
the  reason  for  the  cost  differences  is  best  shown  by  subtracting  these    '- 
freight  costs  from  the  price  of  the  net  metallic  mixture.     In  so  far 
as  the  ore  was  Lake  ore  the  results,  as  might  be  expected,  show  a 
nearly  uniform  price. 

The  average  price  of  the  net  metallic  mixture,  for  the  Bessemer  . 
iron  here  under  consideration,  was  nearly  equivalent  to  the  price  of  | 
the  ore.  As  most  of  this  pig  iron  was  produced  from  Lake  ore  it  ' 
was  nearly  the  same  as  the  price  of  Lake  ore  delivered  at  the  blast  ' 
furnace.  The  movement  of  the  base  prices  of  Bessemer  Lake  ore  at 
lower  Lake  ports  corresponded  in  a  general  way  with  the  move- 
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m^it  in  the  price  of  the  net  metallic  mixture.  While  differences  in 
iron  ccHit^it  of  ok  used,  as  compared  with  base  ore,  affected  the 
price  actually  paid  and  the  qunntity  used,  the  cost  of  the  ore  per  ton 
of  pig  iron  foe  a  given  base  price  of  ore  ran  about  the  same, 
because  tiie  actual  settlement  price  of  the  ore  varied  generally  with 
the  iron  content  and  other  factors  affecting  its  utility.  It  shdtdd  be 
noted,  however,  that  of  the  ore  used  in  the  furnace  in  any  given  year, 
one-third  approximately  was  of  ore  shipped  from  the  mines  and  pur- 
chased by  the  furnaces  in  the  year  previous.  This  is  due  to  the  fact 
that  the  closing  of  navigation  on  the  Lakes  in  winter  makes  it  neces- 
sary to  accumulate  large  stocks  at  the  furnaces  to  cover  the  consump- 
tion for  about  the  ffrst  four  mouths  of  the  year. 

The  pig  iron  obtained  from  the  net  metallic  mixture  for  the  total 
production  of  Bessemer  iron  for  the  five-year  period  1902  to  1906 
averaged  54.4  per  cent,  and  ranged  from  55.1  per  cent  in  1903  to  5S.7 
per  cent  in  1906.  While  1903  showed  a  higher  yield  than  1902,  there 
was  a  steady  decline  thereafter,  indicating  a  declining  iron  content 
for  the  ores  used.  This  decline  in  the  average  iron  content  not  only 
necessitated  the  use  of  a  lai^r  quantity  of  ore  per  ton  of  pig  iron 
produced,  but  also  more  coke  and  limestone,  and  consequently  tended 
to  increase  the  furnace-labor  cost  also.  There  was  not  much  differ- 
ence in  the  average  yield  of  iron  from  the  net  metallic  mixture  for 
the  different  districts.  The  lowest  yield  was  53.6  per  cent  for  the 
Valley  district  and  the  highest  55.3  per  cent  for  the  Pittsburgh 
district.  The  Eastern  district,  which  used  both  local  and  Cuban 
ores,  as  well  as  Lake  ore,  was  naturally  not  in  a  comparable  position 
in  this  respect,  although,  as  a  matter  of  fact,  the  average  results  were 
not  greatly  different.  Practically  the  only  local  ore  was  from  the 
Cornwall  district.  This  ore  ran  less  than  46  per  cent  iron,  and  the 
leaner  ores  used  in  the  raw  state  showed  an  actual  yield  averaging 
about  42  per  cent,  while  the  ores  which  were  roasted  (to  expel  sulphur) 
averaged,  apparently,  over  46  per  cent.  Although  of  a  comparatively 
low  grade  and  requiring  very  large  quantities  of  fuel  and  flux  to 
smelt  it,  the  ore  cost  is  low  per  ton  of  pig  iron  because  (1)  it  is  mined 
cheaply  and  (2)  there  is  practically  no  freight  from  the  mines  to 
the  furnaces.  Considerable  foreign  ore  was  usedalso, of  which  Cuban 
ore  was  by  far  the  most  important.  The  ore  from  southern  Cuba  was 
of  very  high  grade,  averaging  apparently  about  58  per  cent  in  iron 
content  with  almost  no  moisture  in  its  natural  state,  so  that  its  yield 
ia  the  fumaoe  was  considerably  higher  than  for  Lake  ore  used  in  the 
same  district.  Some  of  the  furnace  plants  ran  very  largely  on  this 
Cuban  ore,  mixing  a  small  proportion  of  local  or  Lake  or&s.  Dis- 
regarding the  Cornwall  ore,  the  average  price  of  the  ore  used  was  a 
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little  lower  than  in  the  Pittsburgh  district,  the  Lake  ore  being  higher 
but  the  Cuban  ore  lower.  The  low  pi"ice  of  the  Cornwall  ore  reduced 
the  average  price  still  lower,  but  against  this  advantage  was  tlie  dis- 
advantage of  the  lower  yield  luid  hitter  requirementfi  for  fuel  and 
flux  for  the  Cornwall  ore. 

Coke. — The  cost  of  coke  was  secondary  only  to  the  cost  of  ore  in 
determining  the  cost  of  Bessemer  pig  iron.  The  average  coke  cost 
per  ton  of  Bessemer  pig  iron  for  the  production  of  the  five-year 
period  1902  to  1906  was  $3.89,  and  ranged  from  $3.42  in  1904  to  $4.38 
in  1903.  It  thus  happens  that  the  maximum  c(Ae  coat  occurred  in 
the  same  year  as  the  maximum  ore  cost.  The  minimum  costs  for 
coke  and  ore,  however,  occurred  in  different  years,  namely,  in  1904 
and  1905,  respectively.  The  miniimini  cost  of  pig  iron  came  in  1904, 
owing  to  the  fact  that  coke  costs  were  remarkably  low,  while  there 
was  not  much  difference  in  ore  costs  in  1904  and  1905. 

The  average  coke  cost  for  the  districts  for  the  five-year  period 
ranged  from  $5.06  in  the  Chicago  and  Western  district  to  $2.97  in 
the  Pittsburgh  district.  The  ranking  of  the  six  districts  wit^  re- 
spect to  the  cheapness  of  the  average  coke  cost  was  as  follows:  (1) 
Pittsburgh,  (2)  Valley  and  Wheeling  (equal),  (3).  Eastern,  (4)  Lake 
Erie,  (5)  Chicago  and  Western.  Taking  the  costs  from  year  to  year, 
those  for  the  Valley  and  Wheeling  districts  differed  slightly. 

The  differences  in  the  cost  of  coke  for  the  various  districts  were 
chiefly  due  to  the  differences  in  the  price  of  coke  delivered  at  the 
furnace,  as  the  quantity  used  per  ton  of  pig  iron  did  not  vary  greatly. 
(See  Table  19,  p.  87.)  The  average  price  of  coke  per  net  ton  for 
the  five-year  period  was  $3.37,  and  ranged  from  $2.71  for  the  Pitts- 
burgh district  to  $4.23  for  the  Chicago  and  Western  district  The 
extreme  price  difference  was  thus  $1.52  per  net  ton. 

The  differences  in  prices  were  chiefly  due  to  differences  in  freights 
from  Connellsville  to  the  places  of  consiunption,  as  most  of  the  coke 
was  from  the  Connellsville  coal  field,  and  used  gwierally  with  sub- 
stantially the  same  grade  of  iron  ore.  There  were,  however,  several 
important  exceptions  to  this  statement,  namely,  (1)  the  coke  con- 
sumed in  Colorado  was  not  Connellsville  coke,  (2)  ccmsiderable  by- 
product ooke  was  used,  especially  in  the  Eastern  district,  (3)  some 
coke  was  transferred  at  cost  instead  of  at  the  market  price. 

The  rail  freights  wi  Connellsville  coke  to  the  various  furnaces  in 
the  several  districts  differed  somewhat  between  particular  furnaces, 
especially  those  located  in  the  Wheeling  district  (which  includes 
some  furnaces  in  central  Ohio)  and  in  the  Pittsburgh  district.  The 
freight  rates,  furthermore,  were  not  uniform  throughout  this  period 
for  particular  furnaces,  advances  being  made  generally  in  1903, 
though  in  some  cases  reduced  later. 
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The  approximate  average  freights  on  coke  from  the  Connellaville 
district  for  the  five-year  period  1902  to  1906  were  as  follows: 

Chicago' 12.02 

Lake  Erie 1.  B9 

Valley 1.28 

Pittsburgh .68 

Wheeling 1.36 

Although  there  was  some  variation  from  year  to  year  in  the  quan- 
tity of  coke  required  per  ton  of  pig  iron  produced,  and  also  in  the 
average  freight  charge  included,  the  decisive  factor  in  the  variations 
of  coke  cost  per  ton  of  pig  iron  was  the  price  of  the  coke.  The 
average  price  of  the  coke  delivered  at  these  furnaces  was  $3.37  for 
the  five-year  period  1902  to  1906,  and  ranged  from  $2.97  in  1904  to 
$3.87  in  1903.  These  prices  show  the  same  general  movement  as  the 
cost  of  coke  per  ton  of  pig  iron  and  this  parallelism  exists  in  fact  for 
each  year  in  a  substantial  degree. 

The  cost  of  coke  per  ton  of  pig  iron  was  affected,  of  course,  by 
the  quantity  required.  The  average  quantity  of  coke  required  for 
the  five-year  period  was  2,311  pounds  per  ton  of  pig  iron  produced 
and  ranged  from  2,214  pounds  in  1902  to  2,397  pounds  in  1906.  Un- 
doubtedly the  reason  for  the  increase  in  the  coke  requirement  was 
the  decreasing  iron  content  of  the  ore  in  the  metallic  mixture.  This 
showed,  on  the  whole,  a  decreasing  tendaicy,  the  only  increase  being 
in  1903. 

Ore  and  coke  combined. — As  stated  above  (see  p.  89)  the  variations 
in  the  cost  of  Bessemer  pig  iron  are  virtually  determined  by  the 
changes  in  the  cost  of  ore  and  coke.  The  ore  and  coke  costs  per  ton 
of  pig  iron  and  the  furnace  cost  of  Bessemer  pig  iron  are  shown  below 
for  comparison. 
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In  spite  of  large  variations  from  year  to  year,  as  just  shown,  the 
differences  of  their  margins  were  comparatively  slight,  amounting  at 
Ihe  maximum  to  $0.36.  The  chief  cause  for  such  discrepancies  as 
existed  was  the  change  in  labor  cost. 

The  costs  of  ore  and  of  coke  differed  quite  markedly  between  the 
several  districts  when  taken  separately,  but  the  districts  which  had 
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a  very  high  ore  cost  found  cconpensation  in  a  low  coke  cost,  and  Tice 
versa,  so  that  for  the  sum  of  these  two  fuadamental  materials  of  pig- 
iron  production  the  dififerences  between  the  several  districts  were  not 
very  great.    This  is  shown  in  the  following  tabular  comparison : 


DlatilM. 

Ofe. 

CokB. 

Total. 

6.30 

».(M 
4.51 

T.30 

3.8R 

:^or  the  Pittsburgh  district  the  ore  cost  was  the  hi^est,  but  the 
coke  cost  the  lowest,  and  the  combination-  of  the  two  was  exactly 
equal  to  the  general  average  of  all  districts  for  these  two  materials. 
The  Chicago  and  Western  district,  which  had  the  lowest  ore  cost 
(although  the  Lake  Erie  district  was  nearly  &s  low),  had,  on  the 
other  hand,  the  highest  coke  cost,  and  a  combined  cost  of  ore  and 
coke  $0,16  greater  than  the  average  for  all  the  districts  combined. 
This  combined  average  for  ore  and  coke  was  $11.19,  and  for  the 
several  districts  ranged  from  $10.81  for  the  Lake  Erie  to  $11.41  for 
the  Eastern,  a  difference  of  only  $0.60. 

The  differences  in  ore  and  coke  cost,  respectively,  as  already  shown, 
were  chiefly  due  to  differences  in  freight,  and  these  likewise  were  com- 
pensating in  tendency.  The  equalization  of  cost  in  this  respect,  bow- 
ever,  was  by  no  means  complete,  as  is  shown  in  the  following  table : 

Table  20.— ESTIMATED  COMPARATIVE  COSTS  OF  THANSPOBTATION  INVOLVED  IN 
COST  OF  1  TON  OF  BEB8EMEE  FIG  IRON  FOB  NET  METALLIC  MIXTURE  AND  COKE, 
BY  DISTBICTe,  FIVE  YEARS,  19B2-1M6. 
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These  transportation  costs  are  not  exact  computations  nor  witirely 
representative.  The  chief  cause  of  probable  error  is  found  in  the 
circumstance  that  the  coke  used  was  not  entirely  Connellsville  cokei 
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SO  that  the  coke  transportation  costs  figured  in  the  above  table  did 
not  always  apply. 

AccOT-ding  to  the  above  comparison,  it  would  appear  that  of  these 
districts  the  one  most  favorably  located  for  pig-iron  production  was 
the  Lake  Erie  district,  and  that  the  most  unfavorable  location  was 
the  Chicago  district,  because  the  other  variable  elements  of  cost  are 
not  important  in  comparison  with  that  of  assembling  these  two  raw 
materials.  This  was  undoubtedly  true  at  that  time,  if  regard  is 
iiad  simply  to  the  cost  of  production  on  the  basis  of  the  sources  of 
supply  of  raw  materials  specified,  namely,  Tjake  ore  and  Connellsville 
eoke  and  the  rates  of  transportation  then  existing.  Certain  changes 
m  the  rates  of  transportation  since  this  period  have  somewhat  modi- 
fied these  relations,  particularly  with  respect  to  the  Chicago  dis- 
trict It  is  a  question,  moreover,  to  what  extent  the  more  improved 
processes  of  making  by-product  coke  may  alter  this  situation,  espe- 
cially in  so  far  as  it  is  found  possible  to  use  suitable  mixtures  of  local 
coal  in  the  coke  ovens.  In  this  case  the  Chicago  district  may  have 
all  the  advantages  of  a  good  location  for  getting  Lake  ore  and 
suffer  little  if  any  real  disadvantage  in  respect  to  the  cost  of  getting 
a  suitable  fuel.  Whether  this  possibility  is  ever  completely  realized 
or  not,  another  factor  of  great  importance  is  found  with  respect  to 
the  markets  for  iron  and  steel  products.  The  Chicago  district  offers 
a  favorable  location  for  the  reason  that  the  center  of  population  is 
nearer  Chicago  than  any  of  the  other  districts,  and  is  likely  to  move 
somewhat  farther  west,  which  strongly  tends  at  least  to  a  westward 
movement  of  the  center  of  consumption  of  iron  and  steel  products. 
Even  if  the  center  of  consumption  does  not  move  westward  to  an 
equal  degree,  there  will  inevitably  be  a  very  large  consumption  in  the 
West,  and  the  iron  and  steel  plants  in  this  district  will  have  a  de- 
cided advantage  in  furnishing  this  particular  part  of  the  demand, 
because  the  freights  per  ton  on  most  of  the  finished  products  from  the 
more  eastern  districts  to  Chicago  and  points  beyond  are  higher  than 
the  differences  in  the  cost  of  production. 

It  should  also  be  noted  that  if  the  iron  content  of  Lake  ore  con- 
tinues to  decline,  the  districts  which  have  the  lowest  transporta- 
tion cost  for  ore  will  obtain  a  relative  advantage,  because,  as  the  per 
cent  of  iron  diminishes,  the  quantity  of  ore  required  increases  faster 
than  the  quantity  of  coke. 

limestone. — This  does  not  form  a  very  important  item  in  the  cost 
ot  pig  iron.  For  the  Bessemer  pig-iron  production  from  1902  to 
190G,  inclusive,  the  average  cost  of  limestone  was  only  $0.43  per  ton 
of  iron,  and  ranged  from  $0.41  in  1904  to  $0.45  in  1906.  The  districts 
for  the  five-year  period  showed  practically  the  same  range,  namely, 
$0.40  for  the  Eastern  district  and  $0.46  for  the  Lake  Erie  district. 
77232°- 
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The  Tariations  in  cost,  therefore,  were  insi^^nificant.  The  average 
price  of  the  limestone  delivered  at  the  furnace  for  the  five-year  period 
was  about  $0.95  per  ton,  and  the  average  quantity  required  per  ton  of 
pig  iron  was  about  1,000  pounds. 

Labor. — The  principal  classes  of  labor  in  pig-iron  production 
are :  Fillers,  who  load  the  ore,  limestcme,  and  coke  into  the  cars  that 
are  used  to  charge  the  furnace;  top  fillers  (in  the  older  designed  fur- 
nace), who  are  posted  at  the  top  of  the  furnace  and  are  engaged  in 
charging  these  materials  in  the  furnace;  keepers,  who  attend  to  tlit: 
proper  operation  of  the  furnace  while  it  is  in  blast  and  to  drawing  off 
the  slag  and  tapping  off  the  molten  iron ;  and  engineers,  who  operate 
the  blowing  engines.  Also,  there  are  the  mechanics  who  keep  the 
furnace  in  repair,  and  common  laborers  who  attend  to  unloading 
material,  gathering  up  scrap,  etc.  The  proportions  of  these  different 
classes  of  labor  vary  considerably,  according  to  the  character  of  the 
furnace  equipment. 

The  average  labor  cost  per  ton  of  Bessemer  pig  iron  for  the  five- 
vear  period  1902  to  1906  was  $0.77,  and  ranged  from  $0.90  in  1902  to 
S0.70  in  1905  and  1906. 

The  reduction  of  labor  cost  per  ton  frcan  $0.90  in  1902  to  $0.70  in 
1905  and  1906,  a  reduction  of  about  22  per  cent,  is  striking  in  de- 
gree, if  not  a  very  decisive  factor  in  the  total  cost  of  pig  iron.  The 
general  cause  for  this  decline  in  labor  cost  is  found  not  in  a  reduction 
of  the  rates  of  wages  (the  rates  in  1905  and  1906  being  about  the 
same  as  in  1902,  although  higher  than  in  1904),  but  chiefly  in  the 
more  extended  use  of  labor -saving  devices  and  in  the  greater  output 
per  furnace.  During  the  period  under  consideration  there  was  con- 
siderable new  furnace  capacity  brought  into  use,  and  these  furnaces 
were  generally  of  large  size  and  tended  to  raise  the  general  aver- 
age capacity.  Some  of  the  older  and  less  efficient  furnaces  be- 
came inactive,  which  also  tended  to  produce  the  same  effect.  The 
average  annual  production  per  furnace  increased  from  about  95,000 
tons  in  1902  to  about  115,000  tons  in  1906,  an  average  increase  in 
output  of  about  20  per  cent. 

There  were  considerable  differences  between  the  several  districts 
in  the  labor  cost,  which  ranged  from  $0,64  for  the  Pittsburgh  dis- 
trict to  $0.99  for  the  Eastern  district.  The  principal  reasons  for 
these  differences  in  labor  cost  were  (1)  differences  in  average  furnace 
capacity  and  output,  (2)  different  degrees  in  which  labor-saving  ap- 
pliances were  used,  and  (3)  local  differences  in  rates  of  wages.  The 
furnaces  of  the  Wheeling  and  Eastern  districts  were  rated  on  the 
average  at  a  lower  furnace  capacity  than  the  furnaces  of  the  other 
districts  "as  a  whole,  which  doubtless  partly  explains  the  higher  lab-ir 
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It  is  safe  to  assume  that  the  very  low  costs  of  the  Pittsburg  dis- 
trict ($0.64)  and  Lake  Erie  district  ($0.65)  were  largely  due  to  the 
fact  tiiat  the  great  bulk  of  the  production  in  each  of  these  districts 
was  from  plants  of  the  most  modern  and  well-equipped  type. 

Judged  by  the  standards  of  prices  and  profits  which  have  been 
usual  in  the  pig-iron  industry,  the  ordinary  changes  in  this  factor  of 
cost  are  insignificant.  The  changes  in  the  cost  of  the  raw  materials 
are  the  decisive  factors,  and  not  the  changes  in  the  cost  of  labor. 

Other  Hems  of  furnace  cost. — The  steam  required  for  the  blow- 
ing engines  and  for  certain  other  purposes  at  the  furnace  was 
not  a  very  important  item  of  pig-iron  cost.  It  averaged  $0.12  for 
the  five-year  period  1902  to  1&06,  and  n-nged  from  $0.17  in  1903  to 
$0.09  in  1905  and  1906.  The  lower  costs  in  the  last  three  years,  as 
«mipared  with  the  first  two  years,  were  apparently  due  in  part  to 
superior  average  equipment  of  the  furnaces  operated,  and  for  the 
last  two  years  in  part  to  increased  output  per  furnace.  The  fuel 
for  the  steam  engines  was  chiefly  supplied  by  the  gas  from  the  blast 
furnaces.  The  average  cost  of  steam  by  districts  for  the  five-year 
period  1902  to  1906  ranged  frian  $0.08  in  the  Pittsburgh  district  to 
$0.18  in  the  Eastern  district. 

The  item  of  materials  in  repairs  and  maintenance  covers  the  mate- 
rials required  for  most  of  the  ordinary  repairs  of  the  furnace  plant 
and  varied  very  greatly  as  between  individual  plants  for  any  one 
year.  The  average  cost  of  this  item  for  the  five-year  period  was 
$0.16  per  ton  of  pig  iron,  and  ranged  from  $0.19  per  ton  in  1902  and 
1903  to  $0.13  per  ton  in  1905.  The  variation  by  districts  was  large, 
ranging  from  $0.11  per  ton  in  the  Valley  and  Wheeling  districts  to 
$0.31  per  ton  in  the  Eastern  district. 

The  item  of  supplies  and  tools  covers  tools  and  all  general  sup- 
plies, including  such  items  as  tuyferes,  blocks,  cooling  plates,  refrac- 
tories, oil,  sand  for  casting,  etc.  The  average  cost  for  the  five-year 
period  was  $0.13  per  ton  of  pig  iron,  and  ranged  from  $0.12  in  1904 
and  1905  to  $0.16  in  1903.  The  range  by  districts  was  from  $0.09 
per  ton  in  the  Lake  Erie  district  to  $0.23  per  ton  in  the  Eastern 
district. 

In  the  item  of  miscellaneous  and  general  works  expense  are  in- 
pluded  various  expenses  about  the  blast-furnace  plant,  which  varied 
considerably  for  different  plants,  according  to  methods  of  organiza- 
tion of  the  business  and  the  local  conditions.  Included  under  this 
beading  are  such  expenses  as  light,  electric  power,  water,  shops, 
stables,  yard  switching,  laboratories,  and  also  the  office  expenses  at 
the  works.  Taken  together,  these  expenses  averaged  $0.26  per  ton 
for  the  five-year  period,  and  ranged  from  $0.23  in  1902  to  $0.29  in 
1903.    "Kie  average  cost  by  districts  for  the  five-year  period  I'anijed 
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from  $0.22  per  ton  in  the  Valley  district  to  $0^6  per  ton  in  the  East- 
em  district. 

A  blast  furnace  is  lined  with  refractory  brick,  which  in  process  of 
time  wears  out  and  must  be  replaced.  This  replacement  occurs  at 
varying  periods  of  time,  ranging  from  months  to  years,  depending 
largely  on  how  hard  the  furnace  is  driven.  In  order  to  cover  this 
recurring  expenditure  in  a  way  to  fairly  equalize  the  expenses  of 
operation  from  month  to  month  a  fund  is  usually  set  aside  to  meet 
it.  This  charge  for  relining  is,  therefore,  somewhat  in  the  nature  of 
a  depreciation  charge  for  a  specific  and  frequently  recurring  expense. 
The  average  cost  for  this  item  was  $0.18  per  ton  for  the  five-year 
period  1902  to  1906  and  ranged  from  $0.15  in  1902  to  $0.20  in  1905 
and  1906.  The  cost  by  districts  for  the  period  ranged  from  $0.13  in 
the  Eastern  district  to  $0.23  in  the  Chicago  and  Western  and  the 
Valley  districts. 

The  contingent  fund  was  chiefly  intended  to  cover  such  costs  as 
personal -in  jury  f:ettlements  and  expenses,  strike  expenses,  etc  Not 
all  of  the  companies  reporting  made  this  provision.  It  averaged  only 
$0.02  per  ton  for  the  five-year  period  1902  to  1906  and  shows  prac- 
tically no  variation  in  the  general  average  from  year  to  year. 

Additional  cost. — The  sum  of  the  items  which  have  been  described 
in  detail  above  gives  the  furnace  cost  of  Bessemer  pig  iron  which  has 
been  not«d  and  compared  above  (see  p.  88),  but  as  already  stated 
there  were  certain  other  expenses  of  the  companies  which  must  be 
allotted  to  the  cost  of  production.  These  expenses  were  found  not  in 
the  cost  sheets,  but  in  the  general  profit  and  loss  accounts  of  the 
companies.  If  pig  iron  were  the  only  commodity  produced  the  entire 
amount  of  these  additional  expenses  would  belong  to  the  cost  of  pig 
iron,  but  if  other  commodities  were  also  produced  it  would  be  neces- 
sary to  apportion  these  expenses  among  the  several  products.  This 
was  done  in  the  manner  already  stated  with  relation  to  this  general 
problem  of  cost  accounting.  (See  pp.  20-21.)  These  expenses  com- 
prised general  and  miscellaneous  expense  and  depreciation. 

The  item  of  general  and  miscellaneous  expense  comprised  a  group 
of  expenses,  such  as  for  general  administration  of  the  company,  ac- 
counting, selling,  taxes,  insurance,  and  certain  undistributed  costs 
and  adjustments  charged  to  profit  and  loss  accounts.  These  latter 
items,  however,  were  small.  Where  holding  companies  existed  it  in- 
cluded a  share  of  their  general  expenses  also.  For  Bessemer  pig  iron 
for  the  five-year  period  1902  to  1906  such  expenses  averaged  $0.36 
per  ton. 

Some  of  the  items  of  furnace  cost  described  above  take  care  of  the 
■  upkeep  of  the  furnace  plant  to  a  large  extent,  and  probably  quite 
completely  in  many  casea,  either  through  the  fund  for  relining  and 
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renewals  or  through  labor  and  materials  in  repairs  and  mainteaance. 
Where  these  cost  classifications  are  liberally  interpreted  by  the  ac- 
countants they  sometimes  include  not  only  nearly  everything  needed 
for  maintenance  of  plant  but  also  cover  some  expenditures  for  im- 
provements, so  that  even  obsolescence  of  plant  may  be  in  certain  cases 
fully  provided  for.  This,  however,  was  not  usually  the  case,  so  that 
it  was  necessary  to  make  special  allowances  for  depreciation  of  the 
blast-furnace  plant.  In  such  cases  this  was  provided  for  in  a  lump 
charge  for  depreciation  in  the  profit  and  loss  account  It  is  obvious 
(hat  such  charges  are  largely  arbitrary,  and  it  is  quite  likely  that 
companies  of  strong  financial  resources  made  this  allowance  for 
depreciation  too  high  rather  than  too  low.  It  is  also  evident  that 
where  a  conservative  management  succeeded  to  one  which  sought  first 
of  all  to  show  high  profits  it  may  have  been  necessary  to  make  unusu- 
ally large  allowances  becau.se  of  former  negligence  in  this  respect. 
The  depreciation  charges  actually  made  by  the  companies,  as  allocated 
to  the  Bessemer  pig-iron  production  under  consideration,  showed  an 
average  amount  per  ton  of  $0.39  for  the  five-year  period  1902  to  1906 
and  a  range  from  $0.24  per  ton  in  1904  to  $0.57  per  ton  in  1902. 
The  average  for  the  districts  for  the  five-year  period  1902  to  190C 
ranged  from  $0.20  per  ton  in  the  Valley  district  to  $0.67  per  ton  in  the 
Chicago  and  Western  district.  The  charges  made  are  more  or  less 
arbitrary  in  their  nature  and  consequently  throw  little  light  on  what 
might  be  described  as  the  normal  comparative  depreciation  cost.  It 
13  a  reasonable  assumption  that  the  depreciation  charges  were  on  the 
whole  sufficient  to  cover  the  actual  depreciation  incurred. 

Total  book  cost. — The  total  book  cost  of  Bessemer  pig  iron  is 
made  up  of  the  furnace  cost  plus  the  additional  cost.  This  average 
cost  for  the  five-year  period  1902  to  1906  was  $14.01  per  ton,  and 
ranged  from  $13.18  in  1904  to  $15.11  in  1903.  The  decisive  factor 
here  for  the  annual  variations  in  cost  was  the  cost  of  the  raw  mate- 
rials, as  it  was  also  for  the  variations  in  furnace  cost.  The  variations 
in  the  additional  costs,  although  they  had  some  influence  on  the  rela- 
tion of  the  costs  from  year  to  year,  were  not  sufficient  to  counter- 
balance the  changes  in  the  cost  of  materials. 

The  total  book  cost  by  districts  ranged  from  $13.57  for  the  Valley 
liistrict  to  $14.81  for  the  Chicago  and  Western  district.  Whereas 
the  Eastern  district  had  the  highest  furnace  cost,  the  unusually  large 
items  of  additional  cost  for  the  Chicago  and  Western  district  made 
its  total  book  cost  -the  highest,  while  that  for  the  Eastern  district 
was  the  next  highest. 

It  should  not  be  forgotten  that  this  total  book  cost  was  reckoned  on 
the  basis  of  taking  over  raw  materials  at  a  price  which  for  most 
blaat-fumace  plants  involved  the  payment  of  a  profit  on  the  raw 
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materials.  This  profit  to  a  large  extent  went  to  the  same  companies 
or  combinations  of  interests  which  were  engaged  in  the  production 
of  the  pig  iron.  This  total  book  cost,  therefore,  was  not  a  net  cost  to 
these  companies  or  interests,  but  in  general  included  large  profits 
on  the  ore  and  coke  used.     (See  pp.  53  and  66.) 

Section  3.  Book  cost  of  bado  pi;  iron,  1902-1906. 

The  production  of  basic  pig  iron  during  the  period  1902  to  1906 
was  15,686,273  tons.  Of  this  total  production,  the  cost  statements 
presented  in  this  report  cover  9,573,539  tons,  or  61  per  cent.  While 
the  proportion  of  basic  pig  iron  produced  in  the  United  States  has 
shown  a  very  great  increase  in  the  years  since  1906,  during  the  five- 
year  period  here  under  consideration  it  amounted  to  only  28.1  per 
cent  of  the  Bessemer  production,  and  for  the  production  of  pig  iron 
covered  by  the  cost  statements  in  this  report  it  amounted  to  only  18.4 
per  cent  of  the  Bessemer.  During  this  period,  therefore,  basic  pig 
iron  was  of  distinctly  subordinate  interest.  This  was  due,  of  course, 
to  the  fact  that  the  basic  open-hearth  process  of  steel  production 
was  not  extensively  used  at  that  time.  Since  then  basic  open-hearth 
&teel  production  has  increased  enormously  and  surpassed  the  output 
of  Bessemer  steel  in  1908.  The  production  of  basic  pig  iron,  how- 
ever, has  not  shown  such  a  marked  increase  as  basic  open-hearth 
steel  and  up  to  the  end  of  1912  had  not  equaled  the  production  of 
Bessemer  pig  iron.  The  explanation  of  this  fact  is,  of  course,  that 
basic  open-hearth  steel  is  not  made  entirely  from  basic  pig  iron,  a 
large  proportion  of  scrap  being  used  in  the  open-hearth  furnaces. 

While,  therefore,  the  cost  statements  for  basic  pig  iron  might 
appear  to  be  comparatively  unimportant,  it  is  evident  that  the  sub- 
sequent great  increase  in  the  output  of  this  quality  of  pig  iron  makes 
a  discussion  of  its  cost  of  production  almost  as  important  as  that 
of  Bessemer  pig  iron. 

The  basic  pig  iron  covered  by  the  cost  statements  here-  presented 
was  produced  entirely  at  furnaces  which  used  Lake  ore,  while  the 
fuel  was  almost  entirely  Connellsville  coke.  These  furnaces  were 
located  in  several  districts  and,  taking  the  whole  iive-year  period 
1902  to  1906,  embraced  all  the  districts  for  which  the  cost  of  Besse- 
mer pig  iron  wa's  given.  In  some  of  these  years,  however,  no  basic 
pig  iron  was  produced  in  certain  of  these  districts.  There  was  no 
production  reported  for  basic  pig  iron  west  of  the  Chicago  district 
in  any  year. 

As  in  the  case  of  Bessemer  pig  iron,  the  ore  for  basic  pig-iron 
production  was  purchased  at  lower  Lake  ports  and  generally  at  the 
prevailing  market  prices,  the  furnace  company  paying,  in  addition 
thereto,  all  transportation  and  dock  charges  from  lower  Lake  ports 
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lo  the  furnace.  This  freight  charge  naturally  varied  for  different 
districts  and  for  furnaces  not  located  on  or  near  the  Great  Lakes, 
ranged  from  about  $0.61  to  $1.09  per  ton  for  the  bulk  of  the  pro- 
duction, althou^  running  higher  than  this  for  certain  furnaces  in 
ihe  Eastern  district.  As  the  prices  of  these  ores  at  lower  Lake  ports 
included  large  transportation  charges  from  the  mines  and,  generally 
}:peaking,  considerable  profits  on  the  transfers  or  sales,  the  ore  cost 
in  the  pig  iron  was  high.  It  may  be  noted  here,  however,  that  the 
prices  of  non-Bessemer  ores  which  were  used  in  making  basic  pig 
iron  were  much  lower  on  the  average  than  for  Bessemer  ores,  and  the 
profits  on  non-Bessemer  ores  at  lower  Lake  ports  were  considerably 
lower  chiefly  for  this  reason. 

^Vhile  the  non-Bessemer  ores  used  in  making  basic  pig  irMi  were 
sold  at  much  lower  prices  than  Bessemer  ores,  the  average  quality, 
as  shown  by  the  yield  was  also  considerably  lower,  being,  for  the 
period  in  question,  only  50.9  per  cent.  The  chief  reason  for  the 
lower  prices,  however,  is  found  in  other  factors,  mainly  the  chemi- 
cal character  of  the  ore,  which  contained  a  greater  percentage  of 
phosphorus  than  is  admissible  for  Bessemer  grades.  This  phos- 
phorus all  goes  into  the  basic  pig  iron.  Although  it  can  be  elimi- 
nated in  a  sufficient  degree  by  the  basic  open-hearth  process  of  mak- 
ing steel,  this  process  is  more  expensive  than  the  Bessemer  process 
and  the  non-Bessemer  ores,  consequently,  are  less  valuable. 

The  general  conditions  as  to  coke  supply  were  about  the  same  for 
Ltasic  pig  iron  as  for  Bessemer,  although  the  proportiMi  of  by-product 
coke  used  was  somewhat  smaller,  inasmuch  as  some  of  the  Eastern 
plants  which  used  by-product  coke  did  not  produce  any  basic  pig 
iron.  The  companies  making  these  two  grades  of  pig  iron  were 
not  wholly  identical  and  the  fact  that  those  making  basic  pig 
iron  were,  on  the  whole,  better  provided  with  supplies  of  Connells- 
ville  coke,  also  tended  to  make  the  proportion  of  ConnellsviUe  coke 
even  greater  than  for  Bessemer  iron.  Owing  to  the  widely  separated 
localities  using  this  coke  there  were  necessarily  great  differences  in 
its  cost  at  the  furnaces,  the  freight  alone  ranging  at  times  from  $0.60 
to  $2.65  per  net  ton  for  important  districts  of  pig-iron  production. 

Finally,  it  may  be  noted  that  the  companies  producing  basic  pig 
iron,  so  far  as  they  are  comprised  in  these  cost  statements,  were  gen- 
erally the  larger  companies,  which  had  larger  and  better  equipped 
furnaces  than  the  average  and  were  well  supplied  with  capital  and 
other  means  to  secure  the  most  efficient  results.  In  this  respect  prob- 
ably the  material  conditions  for  producing  basic  pig  iron  were  better 
than  for  Bessemer  pig  iron. 

In  the  two  tables  following  the  book  costs  of  production  of  basic 
pig  iron  are  given  (1)  by  years  from  1902  to  1906  for  the  total  pro- 
duction, and  (2)  by  districts  for  the  five-year  period  1902  to  1906. 
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Tabu  21.— AVEKAGK  BOOK  COST  OF  BASIC  PIO  IRON.  BY  YEARS.  II 
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B  23.— AVBRAOB  BOOK  COST  OF  BA.BIC  FIG  IRON,  ETC. 
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The  total  production  of  basic  pig  iron  included  in  this  cost  state- 
ment was  9,573,539  tons,  and  ranged  from  993,814  tons  in  1903  to 
3,133,188  tons  in  1906.  On  account  of  the  relatively  small  production 
in  the  earlier  years  the  changes  in  quantity  of  production  may  have 
had  some  effect  on  cost,  but  probably  only  for  particular  localities 
which  had  unusually  small  production  and  hence  little  influence  on 
the  average. 

A  more  important  question  arises,  however,  in  connection  with  the 
differences  in  the  proportions  of  production  of  the  several  districts 
from  year  to  year.  This  element,  however,  is  not  of  much  impor- 
tance because  the  bulk  of  the  production  was  during  the  years  1904 
to  1906,  and  there  was  about  the  same  relative  production  by  dis- 
tricts during  these  years.  The  comparability  of  costs  is  not,  there- 
fore, materially  affected  by  annual  variations. 

Furnace  cost. — The  furnace  cost  (i.  e.,  excluding  the  additional 
cost)  of  basic  pig  iron  averaged  $12.30  for  the  five-year  period  1902 
to  1906,  and  ranged  from  $11.39  in  1904  to  $13.14  in  1903.  No  gen- 
eral tendency  of  movement  is  observable  from  year  to  year,  the  most 
important,  though  not  entirely  controlling  factor,  being  the  cost  of 
materials. 

There  were  considerable  differences  in  the  furnace  costs  for  the 
various  producing  districts,  but  as  the  marked  variations  in  cost  oc- 
curred chiefly  for  districts  with  relatively  small  output,  the  chang- 
ing proportions  of  output  by  districts  had  a  subordinate  influence. 
Three  of  the  districts,  Pittsburgh,  Valley,  and  Eastern,  had  not 
very  different  furnace  costs,  namely,  $12.07,  $12.68,  and  $12.61, 
respectively.  These  three  districts  produced  89.2  per  cent  of  the  total 
production  covered  ranging  from  100  per  cent  in  1902  to  85  per  cent 

ioiooe. 
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Coat  of  raw  matenals. — The  three  raw  materials,  namely,  net 
metallic  mixture  (ore) ,  coke,  and  limestone,  showed  a  combined  aver- 
age cost  for  the  five-year  period  1902  to  1906  of  $10.91  per  ton  of  pig 
iron,  and  ranged  from  $10.06  per  ton  in  1904  to  $11.68  in  1906.  The 
highest  cost  for  the  materials  was  in  1906,  while  the  highest  furnace 
cost,  as  noted  above,  was  in  1903.  Eeductions  in  other  items,  how- 
ever, were  important  enough  to  offset  the  highra-  costs  of  materials 
in  1906. 

The  districts  for  the  five-year  period  ranged  from  $10.27  for  the 
Eastern  district  to  $11.67  for  the  Wheeling  district.  Of  the  two  most 
important  districts,  the  Pittsburgh  had  a  cost  of  raw  materials  of 
$10.84  per  ton  and  the  Valley  $11.09. 

Net  metallic  mixture. — The  total  quantity  of  ore,  scrap,  and  cinder 
charged  in  the  furnace — i.  e.,  the  gross  metallic  mixture — for  the 
production  of  the  9,573,539  tons  of  basic  pig  iron  for  the  five-year 
period  1902  to  1906  was  19,161,240  tons,  with  an  average  price  of 
$3.73  per  tcHi.  FrfHn  this  gross  metallic  mixture  356,399  tcHis  of  ma- 
terial were  recovered  and  credited  at  an  average  price  of  $8.90  per 
ton,  giving  for  the  net  metallic  mixture  18,804,841  tons  at  an  average 
price  of  $3.64  per  ton. 

The  average  cost  of  this  net  metallic  mixture  per  ^ton  of  pig  iron 
produced,  for  the  five-year  period  1902  to  1906,  was  $7.14,  and  ranged 
from  $6.84  in  1905  to  $7.57  in  1906.  The  differences  between  districts 
in  the  average  cost  of  the  net  metallic  mixture  were  largely  normal 
differences,  due  to  cost  of  transporting  ore  fr<xn  lower  Lake  ports  to 
the  furnaces. 

The  average  transportation  rates  on  ore  from  lower  Lake  ports  for 
the  furnaces  included  in  this  cost  statement  were  as  follows : 

Chicago 10. 00 

VaUey .  61 

Pittsburgh 1.09 

Wheeling .66 

Kastern 1. 31 

The  differences  between  the  average  price  per  ton  of  the  net  metallic 
mixture  and  the  average  freights  for  the  several  districts  may  be 
regarded  as  approximately  the  average  prices  of  the  ore  at  lower 
Lake  ports.  However,  on  account  of  the  fact  that  very  considerable 
quantities  of  cinder  and  scale  were  charged  in  the  furnaces  along 
with  ore,  the  prices  of  the  net  metallic  mixture  do  not  correspond 
very  closely  with  the  prices  of  Lake  ore  at  lower  Lake  ports,  plus 
average  freight  to  the  furnaces  of  consumpticm. 

The  declining  tendency  in  the  average  percentage  of  iron  content 
was  more  marked  for  non-6ess»ner  ore  than  for  Bessemer  ore.  The 
avera^  furnace  yield  for  the  five-year  period  1902  to  1906  was  50.9 
per  cent,  and  raided  from  52.1  per  cent  in  1902  aad  1903  to  49.7  per 
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cent  in  lltft6.  The  decline  in  the  average  iron  content  inTolved,  of 
coarse,  the  neceadty  of  umig  a  greater  quantity  of  ore,  coke,  and 
limestone  per  ton  of  pig  iron.  This  tended  to  increase  the  costs  of 
these  materials  per  ton  of  pig  iron  and  also  the  furnace  labor  cost. 

The  percentages  of  yield  for  the  several  districts  were  nearly  the 
same  as  the  average  (50.9),  excepting  the  Eastern  district,  which 
was  54.4. 

Ooke. — The  average  cost  of  coke  per  ton  of  basic  pig  iron  for  the 
five-year  period  1902  to  1906  was  $3.80,  and  ranged  from  $2.77  in 
1904  to  $3.74  in  1903.  The  maximum  and  minimum  ore  costs  and 
coke  costs  came  in  different  years,  yet  the  ore  cost  in  1904  was  prac- 
tically the  same  as  the  minimum,  so  that  the  conditions  with  respect 
to  both  of  these  materials  were  favorable  to  low  costs  for  basic  pig 
iron  in  that  year.  The  average  cost  of  coke  per  ton  of  pig  iron,  by 
districts,  ranged  frwn  $2.88  for  the  Eastern  district  to  i^.06  for  the 
Chicago  district. 

The  chief  factor  in  coke  cost  was  the  price  of  coke  per  ton  de- 
livered at  furnaces  which  averaged  $2.90  per  net  ton  for  the  five-year 
period  and  ranged  from  $2.52  in  1904  to  $3.39  in  1903.  The  high 
price  in  1903  was  chiefly  a  consequence  of  the  anthracite  coal  strike 
at  the  end  of  1902,  while  low  prices  prevailed  in  1904  on  accoimt  of 
the  dull  condition  of  the  iron  trade  generally  in  that  year.  The 
variations  in  the  prices  of  coke  by  districts  were  chiefly  due  to  differ- 
ences in  the  transportation  charges  on  coke. 

If  the  freight  rates  on  Connellsville  coke  were  deducted  from  these 
district  coke  prices  a  considerable  degree  of  uniformity  in  price  would 
be  found.  The  approximate  average  freights  on  coke  from  Connells- 
ville district  for  the  five-year  period,  by  districts,  were  as  follows: 

Chicago f2.43 

Valley ^ 1.29 

Pittsburg .66 

WheeUng 1. 30 

BaBtem .  76 

At  certain  furnaces,  however,  coke  was  charged  at  cost  or  at  a  very 
small  proSt,  while  in  others  at  approximately  market  prices;  the 
former  practice  affected  chiefly  the  average  results  for  the  Eastern 
'iistrict.  This  tends,  of  course,  to  make  price  comparisons  somewhat 
unsatisfactory, 

A  secondary  factor  in  the  cost  of  coke  per  ton  of  pig  iron  was  the 
quantity  used  per  ton  of  pig  iron  produced.  The  average  quantity 
for  the  five-year  period  1902  to  1906  was  2,282  pounds  per  ton  of 
pig  iron,  and  ranged  fr<Hn  2,156  pounds  in  1902  to  2,388  pounds  in 
1906.  Excepting  an  extremely  slight  decline  in  1904  the  increase  was 
steady  throughotrt  this  period. 
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This  increase  in  coke  consumption  was  largely  due  undoubtedly 
to  the  decrease  in  the  average  yield  of  pig  iron  from  the  net  metallic 
mixture,  which,  as  noted  above  (see  p.  104),  declined  from  52.1  per 
cent  in  1902  to  49.7  per  cent  in  1906. 

The  differences  in  coke  consumption  for  the  several  districts  were 
considerable,  ranging  from  2,244  pounds  in  the  Pittsburgh  district 
to  2,489  pounds  in  the  Wheeling  district.  Apparently  the  diff^euces 
in  average  coke  consumption  were  chiefly  caused  by  differences  in 
quality  of  coke  and  differences  in  furijace  design,  the  average  yield 
of  iron  being  just  the  same  (50.8  per  cent)  for  both  the  Pittsbui^h 
and  ^Vheeling  districts,  which  had  the  widest  disparity  in  coke  con- 
sumption. 

Ore  and  coke  combined. — The  yearly  changes  in  the  average  fur- 
nace cost  of  basic  pig  iron  depended  diiefly  on  the  vu^ations  in  the 
combined  average  cos',  of  ore  and  coke,  the  cost  of  limestone  being  or 
relatively  little  impc  'tance.  The  ore  and  coke  costs  and  the  tota' 
furnace  cost  of  basic  pig  iron'were  as  follows: 


IMoi. 

1901 

IDDS 

im 

MOG 

.«» 

mBtallle  mixture 

S.01 

17.  M 
».7i 

tB.«i 
J.  77 

3.31 

s.in 
n.8B 

u.«a 

1S.U 

11. » 

10.01 
11. 8S 

1.87 

a.ia 

1.77 

i.ai 

The  approximate  uniformity  in  the  differences  between  the  cost  ol 
ore  and  coke,  on  the  one  hand,  and  of  pig  iron  on  the  other  hand, 
show  that  the  variations  in  total  furnace  cost  of  pig  iron  were  chiefly 
due  to  the  changes  in  the  cost  of  materials. 

Generally  speaking,  the  districts  with  high  ore  costs  had  low  coke 
costs  and  vice  versa.  These  two  cost  items  and  the  sum  of  them  are 
shown  below  for  each  of  the  districts  for  the  five-year  period  1902  to 
1906: 


District. 

Ore. 

Com. 

Total. 

Chican 

K.fil 
S.68 

0.89 

J.OS 

15.06 
3.01 

3.01 

3.  SI 

valley „ 

10.  M 

The  Pittsburgh  district,  which  had  the  highest  ore  costs,  had  the 
second  lowest  coke  costs  and  the  second  lowest  aggregate  cost  for 
ore  and  ooke.    Hie  Chicago  district  had  the  lowest  ore  costs  but  the 
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highest  coke  costs  and  the  next  to  the  highest  aggregate  ore  and  coke 
cost  The  lowest  aggregate  ore  and  coke  cost  is  found  in  the  Eastern 
district,  although  it  had  the  second  highest  ore  cost;  on  the  other 
hand,  its  coke  cost  was  very  low,  a  considerable  part  having  been 
transferred  without  profit.  The  highest  aggregate  ore  and  coke  cost 
was  in  the  Wheeling  district.  The  chief  unfavorable  factor  in  the 
Chicago  district  during  this  period  was  the  use  of  Connellsville  coke 
for  which  the  freight  rates  during  most  of  the  period  were  higher 
than  during  recent  years.     {Cf.  p.  405.) 

The  differences  in  the  ore  cost  and  coke  cost,  as  already  noted,  were 
chiefly  due  to  differences  in  freight,  and  these  cost  differences  were 
largely  compensating  in  tendency  for  the  districts  using  Lake  ore 
and  ConnellsTille  coke,  as  is  shown  by  the  following  table: 

■".VBTi  23.— ESTIMATED  COMPARATIVE  COSTS  OF  TRANSPORTATION  INVOLVED  IN 
J;99T  OF  1  TON  OF  BASIC  PIG  IRON  FOR  NBT  METALLIC  hllXT ORE  AND  COKE,  BY 
DISTRICTS,  FIVE  YEARS,  1»02-1906. 


NMmelaniciDlztun. 

Cotoi 

District. 

Par 

qXd. 

On 

freight 
raw. 

S 

P^., 

tons 
quired. 

«' 

Tranj- 

tmis- 
coat. 

rBiouw 

49.8 
«l.8 

2.02 

1.96 
LOT 

2.m 

2,2M 
2,4S« 

1  1« 

C43 

I2.8J 
1.52 

12.82 

ValteT 

W.ei 
i.cn 

.66 

»1.20 
2.18 

WbeeLinK 

I  From  tower  Lake  poili. 

As  there  was  no  representative  basic  pig-iron  production  in  the 
Lake  Erie  district  for  the  tonnage  covered  by  the  cost  statements, 
this  important  district  does  not  appear  in  this  comparison.  The 
lowest  cost  for  freight  on  ore  and  coke  was  in  the  Valley  district, 
namely,  $2.72,  and  the  highest  in  the  Wheeling  district,  namely,$2.91. 

The  assembling  cost  for  the  Chicago  district  was  next  to  the  lowest, 
while  the  cost  for  the  Pittsburgli  district  was  nearly  as  high  as  the 
Wheeling  district. 

In  considering  the  relative  costs  of  assembling  ore  and  coke  for 
basic  pig  iron  it  should  be  noted  that  the  ore  rate  was  relatively  more 
important  and  the  coke  rate  less  important  than  for  Bessemer  pig 
iron  (see  pp.  94—95),  because  the  basic  pig  iron  required,  on  the  aver, 
age,  more  ore  per  ton  and  less  coke  (though  the  latter  fact,  was,  so  to 
speak,  accidental ;  see  p.  120) .  For  this  reason  a  district  remote  from 
the  Lakes,  like  Pittsburgh,  would  have  a  relatively  heavier  trans- 
portation charge  for  ore  and  a  lighter  one  for  coke.  Another  con- 
sideration has  already  been  referred  to  in  a  particular  instance, 
namely,  that  a  considerable  amount  of  scale  was  used  in  making  basic 
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pig  iron.    This  worked  generally  to  the  advantage  of  districts  having 
high  ore  rates,  as  they  could  use  scale  obtained  from  steel  works. 

Judging  simply  from  the  above  results  it  might  be  concluded  that 
the  Chicago  district  was  the  best  location,  considering  not  only  the ' 
cost  of  assembling  the  two  chief  raw  materials,  but  also  the  advan- 
tage in  reaching  the  growing  markets  of  the  West,  in  which  section 
iron  and  steel  production  has  not  been  so  extensively  developed  as 
in  the  East.  Another  fact  to  be  considered  in  this  connection  is  that 
steel  is  becoming  chiefly  a  basic  open-hearth  product  for  which  basic 
pig  iron  is  used.  In  making  basic  open-hearth  steel  a  large  proportion 
of  scrap  metal,  which  is  generally  cheaper  than  pig  iron,  is  used.  In 
this  respect  Chicago,  while  a  favorable  point  of  supply,  had  appar- 
ently no  advantage  over  Pittsburgh.  Besides  scrap,  a  considerable 
amount  of  ore  was  used  in  open-hearth  furnaces,  and  a  district  which 
had  a  low  cost  of  transportation  for  ore  possessed  an  appreciable 
advantage.  If  the  average  iron  content  of  basic  ore  continues  to 
decline,  the  relative  advantage  of  the  Chicago  district,  or  other  locali- 
ties with  a  relatively  low  transportation  cost  for  ore,  is  bound  to 
increase. 

Litnestone. — The  average  cost  of  limestone  per  ton  of  pig  iron  ivas 
$0.47  for  the  five-year  period  1902  to  1906  and  ranged  from  $0.44 
in  1904  to  $0.49  in  1906.  There  was  considerable  variation  in  the 
cost  by  districts,  ranging  from  $0,41  in  the  Eastern  and  Chicago 
districts  to  $0.65  in  the  Wheeling  district.  The  average  quantity  of 
limestone  used  was  about  1,050  pounds,  and  the  average  price  per  ton 
about  $1. 

Labor. — The  average  labor  cost  per  ton  of  basic  pig  iron  was  $0.62 
for  the  five-year  period  1902  to  1906  and  ranged  from  $0.56  in  1904 
to  $0.74  in  1903. 

There  was  a  noticeable  reduction  in  labor  costs.  The  conditions  re- 
specting the  wages  of  blast-furnace  labor  were  substantially  the 
same  for  basic  pig  iron  as  for  Bessemer.     (See  p.  96.) 

The  average  labor  costs  in  1902  and  1903  of  $0,72  and  $0.74  per  ton, 
respectively,  experienced  a  sudden  decline  in  1904  to  $0.56  per  ton,  on 
wccount  of  several  factors,  among  which  were  (1)  reduced  wages,  (2) 
increased  efficiency  in  labor  and  labor  management,  and  (3)  improve- 
ment in  average  character  of  plants  and  equipment.  The  slight  in- 
crease in  labor  cost  in  1905  and  1906  to  $0.61  and  $0.59  per  ton,  respec- 
tively, was  probably  due  to  (1)  increase  in  wages,  and  (2)  increase  in 
<|uantity  of  raw  material  to  be  handled  per  ton  of  product,  these  ele- 
ments being  of  sufficient  importance  to  offset  the  increasing  output 
and  improvement  in  plant  and  equipment.  There  was  quite  a  range 
in  the  labor  cost  by  districts.  The  lowest  cost  was  in  the  Pittsburgh 
district,  namely,  $0.53,  and  the  highest  in  the  Eastern  district,  namely, 
$0.97 ;  tiie  cost  in  the  Wheeling  district  of  $0.92  was  nearly  as  high. 
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The  character  of  the  plants  and  equipment  was  undoabt«dly  tlie 
chief  factor  in  these  cost  variations. 

Compared  with  the  total  furnace  cost  of  basic  pig  iron  the  labor 
cost  was  a  comparatively  small  item,  amounting  on  the  average  for 
the  five-year  period  1902  to  1906  to  only  5  per  cent  of  the  furnace  cost. 

Other  items  of  furnace  cost. — The  average  cost  of  steam,  which 
is  chiefly  connected  with  the  blowing  engines,  was  $0.11  per  ton  of 
|)ig  iron  for  the  five-year  period  1902  to  1906,  ranging  from  $0.08 
in  1906  to  $0.17  in  19(B.  The  general  declining  tendency  in  this  item 
of  cost  was  probably  due,  in  part,  to  the  great  increase  in  output,  and 
probably,  also,  to  better  utilization  of  blast-furnace  gas.  There  was 
quite  a  range  by  districts,  from  $0.07  in  the  Chicago  district  to  $0.30 
in  the  Wheeling  district.  The  chief  causes  for  these  variations  ap- 
pear to  be  found  in  differences  in  furnace  equipment  and  average 
output  per  furnace. 

The  average  cost  of  materials  in  repairs  and  maintenance  for  the 
live-year  period  was  $0.12  per  ton.  This  item  was  extremely  variable 
for  different  plants  and  not  likely  to  conform  to  general  tendencies, 
even  on  the  average. 

The  average  expense  for  supplies  and  tools  for  the  five-year  period 
was  $0.10  per  ton  of  iron,  and  ranged  from  $0.08  in  1904  to  $0.11  in 
1905  and  1906.  The  range  by  districts  was  from  $0.08  in  the  Valley 
district  to  $0.24  in  the  Eastern  district 

The  average  miscellaneous  and  general  works  expense  per  ton 
of  iron  for  the  five-year  period  1902  to  1906  was  $0.25,  and  ranged 
from  $0.18  to  $0.29  by  years  and  from  $0.22  to  $0.41  by  districts 
for  the  five-year  period.  Owing  to  their  miscellaneous  and  variable 
character,  they  are  not  capable  of  very  satisfactory  comparison  with 
relation  to  general  conditions. 

The  nature  of  the  relining  and  renewals  charge  has  been  explained 
in  detail  above.  (See  p.  98.)  The  average  cost  per  ton  of  basic  pig 
iron  was  $0.17  for  the  five-year  period  1902  to  1906,  and  ranged  from 
$0.13  in  1902  to  $0.20  in  1906.  This  charge  was  sometimes  a  record  of 
actual  expenditures,  but  generally  a  fixed  provision,  irrespective  of 
the  time  the  expenses  actually  were  incurred. 

The  contingent  fund  provision  averaged  $0.02  per  ton  of  pig  iron 
for  the  five-year  period  1902  to  1906,  and  was  uniform  from  year  to 
year,  although  not  by  districts,  some  companies  making  no  such  pro- 
vision. It  was  intended  chiefly  to  cover  expenses  for  accidents  to 
laborers,  strike  expenses,  etc. 

Additionai.  cost. — As  explained  above  (see  p.  20),  there  were  cer- 
tain expenses  which  were  not  ordinarily  incorporated  in  the  cost 
sheets,  but  were  found  in  the  general  profit  and  loss  accounts  of  the 
respective  companies.  These  were  distributed  over  the  costs  of  the 
several  products  according  to  a  general  rule  of  apportionment.     They 
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were  classified  as  (1)  general  and  miscellaneojis  expense  and  (2) 
depreciation. 

The  expenses  for  administration,  accounting,  selling,  taxes,  etc., 
together  with  corresponding  expenses  for  holding  companies,  where 
such  organizations  were  found,  comprised  the  item  of  general  and 
miscellaneous  expense.  For  basic  pig  iron  this  item  showed  an  aver- 
:ige  cost  for  the  five-year  period  1902  to  1906  of  $0.27  per  ton.  The 
variations  by  districts  were  very  pronounced. 

While  the  depreciation  of  plant  and  equipment  was  taken  care  of 
to  a  considerable  extent  under  some  of  the  items  described  above 
(e.  g.,  materials  in  repairs  and  maintenance  and  relining  and  re- 
newals), yet  there  were  general  depreciation  charges  which  were 
made  to  the  profit  and  loss  accounts.  These  charges  had  to  be  appor- 
tioned according  to  some  general  rule  as  to  the  cost  of  the  various 
products  of  the  respective  companies.  The  amount  of  these  charges, 
as  well  as  the  method  of  apportionment,  was  doubtless  somewhat 
arbitrary.  For  particular  companies  the  charge  may  have  been 
cither  too  high  or  too  low. 

This  depreciation  charge  averaged  $0,25  per  ton  of  basic  pig  iron 
for  the  five-year  period  1902  to  1906,  There  were  very  marked  dif- 
ferences in  the  average  charge  for  different  districts.  It  ranged 
from  $0.15  for  the  Wheeling  district  to  $0.60  for  the  Chicago  dis- 
trict, and  for  the  latter  was  more  than  twice  as  large  as  that  for  any 
other  district.  As  these  charges  in  any  event  were  more  or  less  arbi- 
trary and  depended  largely  on  the  financial  policies  of  the  respective 
companies,  even  the  average  amounts  could  not  be  expected  to  have 
any  very  constant  relation  to  the  cost  of  pig  iron  in  the  various 
districts. 

Total  book  cobt. — The  total  book  cost  of  basic  pig  iron  consists 
of  the  furnace  cost  plus  the  additional  cost.  The  average  for  the 
five-year  period  1902  to  1906  was  $12,82  per  ton,  and  ranged  from 
$11,98  in  1904  to  $13.80  in  1903. 

The  cost  by  districts  for  the  five-year  period  ranged  from  $12,57 
in  the  Pittsburgh  district  to  $14.08  in  the  Wheeling  district  The 
cost  for  the  Pittsburgh  district  was  $0,46  lower  than  for  any  other 
district. 

It  must  be  remembered  that  this  book  cost  of  basic  pig  iron  was  the 
cost  based  on  the  prices  at  which  ore  and  coke  were  charged  in  the 
furnaces.  As  these  prices  genemlly  included  considerable  profits 
over  the  cost  of  delivering  these  materials  to  the  furnaces  by  the 
same  companies  or  affiliated  concerns,  these  profits  accruing  to  sub- 
stantially the  same  interests  as  those  making  the  pig  iron,  it  is  evi- 
dent that  these  costs  were  not  net  costs  of  production.  The  consid- 
eration of  the  net  costs  is  found  in  Chapter  IX  of  this  report. 
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Section  4.  Book  coat  of  Southern  pig  iron,  1902-1006. 

The  greater  part  of  the  Southern  pig  iron,  including  that  covered 
by  the  cost  statemoit  presented  here,  was  of  foundry  grade.  As  the 
Southern  ores  are  rather  high  in  phosphorus  they  are  not  adapted  to 
the  pi-oduction  of  steel  by  the  ordinary  Bessemer  process,  but  phos- 
phorus is  not  such  an  objectionable  element  for  foundry  iron.  Gen- 
eral industrial  and  commercial  conditions  also  have  favored  the  pro- 
iluction  of  foundry  iron  in  the  South  rather  than  steel-making  iron. 
Nevertheless,  there  was  some  production  of  basic  iron  for  steel 
making  during  the  period  1902  to  1906,  the  process  used  for  making 
steel  being  the  so-called  "  duplex  process,"  which  consists  in  first  put- 
ting the  iron  through  the  Bessemer  converter  to  eliminate  the  exces- 
dve  silicon  and  a  part  of  the  carbon,  and  then  charging  the  metal  in 
in  open-hearth  furnace  to  remove  the  phosphorus  and  to  bring  the 
fcteel  to  the  proper  analysis.  The  Southern  iron,  however,  whether 
destined  to  the  foundry  or  to  the  steel  works,  was  made  from  practi- 
cally the  same  materials,  so  that  in  discussing  its  cost  of  production 
it  can  be  treated  as  a  single  grade,  irrespective  of  its  use. 

During  the  five-year  period  1902  to  1906  the  total  production  of 
Southern  pig  iron  was  9,988,211 '  tons,  or  about  10  per  cent  of  the 
pig-iron  production  of  the  United  States.  Of  this  total  production 
of  Southern  pig  iron  the  cost  data  presented  below  cover  5,339,766 
tons,  or  58  per  cent.  Practically  all  the  production  covered  by  these 
cost  data  was  from  furnaces  in  the  Birmin^am  district,  which  is  the 
center  of  the  Southern  pig-iron  industry. 

The  general  basis  of  this  industry  is  found  in  local  ore,  coal,  and 
coke.  The  enterprises  for  mining  both  ore  and  coal,  and  the  manu- 
facture of  the  latter  into  coke,  were  generally  carried  on  by  the  same 
companies  which  operated  the  blast  furnaces.  This  arose  naturally 
from  the  circumstance  that  the  ore  and  coal  mines  were  both  found 
in  close  proximity  to  the  blast  furnaces,  so  that  they  were  conve- 
niently operated  under  a  single  management  In  consequence  of  this 
situation  the  cost  of  transportation  for  ore  or  coke  from  the  place  of 
production  to  the  furnaces  was  very  small.  The  coke  was  sometimes 
produced  at  the  coal  mines  in  beehive  ovens  and  sometimes  near  the 
blast  furnaces  in  by-product  ovens. 

The  production  of  pig  iron  in  the  Southern  district  during  the 
period  under  consideration  was  carried  on  by  companies  which  were 
much  less  efficient  on  the  whole  than  those  in  the  North,  especially 
from  the  point  of  view  of  capital  and  plant  equipment.  The  labor 
conditions  in  the  South  were  particularly  unfavorable,  also,  for 
economical  production. 

'  Productton  ol  pig  iron  In  Alabama,  TennesBec,  Georula,  aod  North  Carolina, 
77232°— 13 10 
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The  average  book  costs  of  Southern  pig  iron  are  showD  in  detail  in 
the  following  statement  for  the  years  1902  to  1906,  inclusive : 

TULI  21.— AVXRAOE  BOOK  COST  OF  BOnTHBRN  PIO  IRON,  BY  YEARS,  1901-1900. 
[In  dolkn  per  poai-    n.) 
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The  total  production  of  pig  iron  for  the  five-year  period  1902  to 
1906  covered  by  this  cost  statement  was  5,339,766  tons  and  ranged 
from  1,001,769  tons  in  1904  to  1,182,666  tons  in  1906.  The  variation 
from  year  to  year,  therefore,  was  quite  small,  the  minimum  output 
for  the  dull  year,  1904,  being  only  a  little  less  than  the  average  yearly 
production. 

FtjRNACB  c»BT. — The  total  furnace  cost  of  Southern  pig  iron  for 
the  five-year  period  1902  to  1906  was  $9.52^  per  ton  and  ranged  from 
$8.66  in  1904  to  $10.17  in  1906.  No  general  tendency  is  apparent  in 
the  cost  movement  from  year  to  year. 

Cost  of  raw  materitda, — ^For  the  three  items  combined — ore,  coke, 
and  limestone — the  average  cost  for  the  five-year  period  1902  to  1906 
was  $7.10  per  ton  of  Southern  pig  iron  and  ranged  from  $6.48  in 
1904  to  $7.58  in  1906.  These  materials  constituted '74.6  per  cent  of 
IJje  furnace  cost  for  the  five-year  average.    The  yearly  variations  be- 
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tween  the  costs  of  ina,t«ria]s  were  considerable,  the  mazimam  being, 
as  indicated  above,  $1.10  per  ton.  The  variations  in  the  cost  of 
raw  materials  fixed  to  a  large  degree  the  variations  in  furnace  cost, 
the  relative  cost  movements  from  year  to  year  being  the  same  for 
both.  The  changes  in  furnace  coet  may  be  said  to  have  been  con- 
trolled by  changes  in  the  costs  of  the  two  chief  raw  mat^als,  namely, 
ore  and  coke. 

Set  TnetaUic  mmt^ive. — For  producing  5,339,766  tons,  comprised 
in  the  preceding  cofit  statement,  for  the  five-year  period  1902  to 
1906,  the  gross  metallic  mixture  amounted  to  13,151,853  tons,  with 
an  average  price  of  $0.95  per  ton;  no  record  was  furnished  of  scrap, 
etc.,  recovered  from  the  fumacee,  so  that  the  average  prices  of  the 
gross  metallic  mixture  and  of  the  net  metallic  mixture  were  the  same, 
namely,  $0.95  per  ton.  This  was  substantially  the  average  price  of 
the  ore  used. 

The  Southern  ore,  while  low  in  average  price,  is  also  low  in  iron 
content  so  that  relatively  a  large  quantity  is  required  to  make  a  ton 
of  pig  iron.  The  yield  of  iron  varies  considerably  for  diflferent  mines 
and  grades  of  ore.  For  the  ores  used  by  the  furnaces  covered  by  this 
cost  statement  the  average  yield  of  iron  from  the  hard  red  ores  was 
about  37  per  cent  and  from  the  soft  red  ore  and  brown  ore  about  47 
per  cent,  the  average  yield  of  the  two  ores  combined  being  40.6  p^ 
cent. 

As  the  average  yield  of  pig  iron  from  the  ore  was  only  40,6  per 
cent  it  required  2.46  tons  of  ore  to  produce  a  ton  of  pig  iron.  The 
average  cost  of  the  net  metallic  mixture  for  the  five-year  period 
1902  to  1906  was  $2.35  per  ton  of  Southern  pig  iron  and  ranged  from 
$2.24  in  1906  to  $2.44  in  1903. 

Coke. — The  average  cost  of  coke  for  the  five-year  period  1902  to 
1906  was  $4.48  per  ton  of  Southern  pig  ir<Hi  and  ranged  from  $4.01 
in  1904  to  $4.83  in  1906,  The  movement  of  coke  cost  from  year  to 
year  was  largely,  though  not  wholly,  determined  by  the  changes  in 
the  average  price  of  coke.  Although  most  of  the  coke  was  taken 
over  at  cost  the  price  in  some  cases  included  a  profit  The  average 
price  for  the  five-year  period  1902  to  1906  was  $2.54  per  net  ton  of 
coke,  and  ranged  from  $2.37  in  1904  to  $2.79  in  1906.  The  coke  used 
was  partly  by-product  coke,  partly  beehive  coke  produced  by  the 
iron-making  companies,  and  partly  purchased  coke  in  which  consid- 
erable amounts  of  freight  entered  into  the  price. 

The  average  quantity  required  for  the  five-year  period  1902  to 
1906  was  3,523  pounds  per  ton  of  pig  iron  and  ranged  from  3,388 
pounds  in  1904  to  3,661  pounds  in  1902.  In  consequence  of  the  varia- 
ble quality  of  the  coke  and  iron  ore  the  average  quantity  of  coke  used 
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did  not  bear  any  regular  relation  to  the  average  iron  content  of  the 
net  metallic  mixture.  A  noticeable  fact  respecting  the  cost  of  South- 
ern pig  iron  is  that  the  coke  price  per  ton  waa  much  higher  than  the 
ore  price. 

Limestone. — The  cost  of  limestone  formed  a  very  small  though 
variable  item  in  the  cost  of  Southern  pig  iron.  This  was  chiefly  due 
to  the  close  proximity  of  the  limestone  quarries  to  the  furnaces,  and 
the  facility  with  which  it  was  obtained.  On  the  other  hand,  the  aver- 
age quantity  required  was  fairly  large  on  account  of  the  low  iron 
content  of  the  ore,  in  spite  of  the  fact  that  some  of  the  ore  is  largely 
self- fluxing. 

The  average  cost  of  limestone  per  ton  of  Southern  pig  iron  for  the 
five-year  period  1902  to  1906  was  $0.27,  and  ranged  from  $0.22  in 
1904  and  1905  to  $0.34  in  1906.  The  variation  was  considerable, 
therefore,  and  is  explained  by  both  variations  in  price  and  in  average 
quantity  required.  The  average  price  of  limestone  ranged  from 
$0.48  per  ton  in  1903  and  1904  to  $0.78  in  1906,  and  the  average  quan- 
tity consumed  per  ton  of  pig  iron  from  890  pounds  in  1905  to  1,358 
pounds  in  1902.  Much  smaller  quantities  of  limestone  than  this 
average  were  used  by  some  furnaces.     (Cf.  p.  418.) 

Labor. — The  average  labor  cost  per  ton  of  Southern  pig  iron  for 
the  five-year  period  J902  to  1906  was  $1.23,  and  ranged  from  $1.13 
in  1904  and  1905  to  $1.37  in  1903. 

It  will  be  noted  that  the  labor  cost  was  very  high.  This  was  due 
chiefly  to  three  reasons:  (1)  the  fact  that  the  quantities  of  ore  and 
coke  handled  per  ton  of  pig  iron  were  very  large;  (2)  an  absence, 
relatively  speaking,  of  modem  labor-saving  devices  for  handling  ma- 
terials, etc.;  and  (3)  less  efficient  labor.  The  rates  of  wages  while 
low,  as  compared  with  other  districts,  were  probably  higher,  consid- 
ering the  inefficiency  of  the  labor. 

Other  items  of  furnace  cost. — The  average  cost  of  steam  per  ton 
of  Southern  pig  iron  was  $0.14  for  the  five-year  period  and  ranged 
from  $0.12  in  1904  and  1905  to  $0.17  in  1906. 

Materials  in  repairs  and  maintenance  for  the  five-year  period  aver- 
aged $0.17  per  ton,  ranging  from  $0.12  in  1904  to  $0.21  in  1902. 

Supplies  and  tools  for  the  five-year  period  averaged  $0.13  per  ton 
of  pig  iron  and  ranged  from  $0.12  in  1904  to  $0.15  in  1903. 

The  item  of  miscellaneous  and  general  works  expense  seems  abnor- 
mally large,  but  this  is  explained  in  part  by  the  fact  that  some 
switching  charges,  which  ordinarily  would  be  included  in  the  cost  of 
raw  materials,  were  included  under  this  item.  Moreover,  one  com- 
pany, at  least,  during  a  part  of  this  period  charged  all  general 
expenses  to  tiis  item.    The  average  for  the  five-year  period  amounted 
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to  $0.45  per  ton,  tlie  range  being  from  $0.38  in  1904  to  $0.56  in 
1906. 

The  average  cost  for  relining  and  renewals  was  $0.30  per  ton, 
showing  no  material  variation  from  year  to  year. 

AoDFTioNAii  COST.— The  items  of  additicmaE  coet  were  not  very  im- 
portant in  the  case  of  the  ccunpaniefi  making  Southern  pig  iron, 
largely  because  their  financial  organizations  were  of  a  simple  char- 
acter. The  items  to  be  considered  under  this  heading  are  generaE 
expense  and  depreciation. 

The  average  general  expense  for  the  five-year  period  1902  to  1906 
was  $0.11  per  ton,  and  ranged  from  $0.08  in  1902  to  $0.20  in  1906. 
One  c(xnpany  during  a  part  of  this  period  included  all  general 
expense  under  the  head  of  miscellaneous  and  general  wotIcs  expense. 
The  general  expense  in  1906,  namely,  $0.20  per  ton,  ^owed  an 
increase  of  $0.11  over  1905,  which  ia  partly  accounted  for  by  the  fact 
that  one  company  showed  additional  costs  under  this  head  for  the 
first  time  in  1906,  and  partly  by  the  fact  that  there  was  an  increase 
for  all  the  c<Hnpanles  covered  by  this  cost  statement. 

Down  to  1906  there  were  no  charges  for  depreciation  in  the  profit 
and  loss  accounts  of  the  companies  covered  by  this  cost  statement 
In  1906,  however,  certain  additional  costs  on  this  account  appeared 
which  averaged  $0.07  per  ton. 

Total  book  cost. — ^The  furnace  coet  plus  the  additional  cost  gives 
the  total  book  cost.  For  the  five-year  period  1902  to  1906  the 
average  bot^  cost  for  Southern  pig  iron  was  $9.65,  and  ranged  from 
$8.75  in  1904  to  $10.44  in  1906. 

This  book  cost  was  very  nearly  an  absolute  net  cost  to  the  com- 
panies included,  because  each  company  produced  practically  all  of  its 
own  raw  materials  and  used  them  at  substantially  production  cost. 
In  this  respect  the  book  cost  of  Southern  pig  iron  differed  from  the 
book  cost  of  Northern  Bessemer  and  basic  pig  iron. 

Section  5.  Comparison  of  book  costt  of  Beasemei-,  baiio,  and  Soathem 
pig  iron,  1902~1M6. 

The  three  kinds  of  pig  iron,  the  costs  of  which  have  been  dis- 
cussed, namely,  Bessemer,  basic,  and  Southern,  comprised  all  the 
grades  for  which  comprehensive  cost  data  were  received  by  the 
Bureau,  and  for  which,  tiierefore,  satisfactory  ccnnparisons  of  cost 
can  be  made.  They  included,  also,  the  greater  part  of  the  total 
production  of  pig  iron  during  the  period  1902  to  1906,  inclusive, 
namely,  66,816,004  tons,  or  66  per  cent  of  the  total  pig-iron  produc- 
tion of  the  United  States.  As  the  cost  data  in  each  case  are  for  the 
ifune  period  of  years  the  simplest  and  most  convenient  basis  of  ciho- 
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parisKi  is  tiie  Rvermge  cost  for  the  fiTe-jeu-  pmod  1903  to  1906  as 
a  whole.    The  cost  data  are  shown  in  the  following  table : 
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These  figures  represent  the  average  book  costs  for  the  five-year 
period  1902  to  1906,  and  are  composed,  of  course,  of  a  very  great 
variety  of  costs  for  particular  furnaces,  which  even  in  the  case  of 
such  items  as  raw  materials  show  great  variations  from  the  average 
costs.  While  the  averages  are  in  most  respects  a  fair  representation 
of  the  normal  conditions,  and  hence  a  fair  basis  of  comparison  for  the 
book  costs  of  different  kinds  of  pig  iron,  they  take  no  account  of  the 
intermediate  transfer  profits  on  ore  and  coke  which  are  large  for  the 
two  Northern  grades  of  pig  iron  and  practically  ne^igible  for  the 
Southern. 

FuBNACE  COST. — The  total  furnace  costs  for  Bessemer  and  basic 
pig  iron  during  the  five-year  period  1902  to  1906  averaged  $13.26 
and  $12.30,  respectively,  showing  a  difference  of  $0.96  in  favor  of 
the  basic  iron.  The  principal  foctors  in  this  difference  were  the  lower 
costs  of  raw  materials  and  labor  for  basic  iron.  The  lower  costs  of 
raw  materials,  as  shown  above,  were  chiefly  on  account  of  differences 
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io  gnde  and  value  of  ores  used.  The  lower  labor  costs  were  chiefly 
due,  apparently,  to  superior  average  character  of  the  plants  produc- 
ing basic  pig  iron,  and  this  had  some  influence  in  lowering  the  costs  of 
some  of  the  minor  items. 

The  furnace  cost  of  Southern  pig  iron  for  the  five-year  period 
1902  to  1906  was  only  $9.52  per  ton,  or  $3.74  lower  than  for  Bessemer 
and  $2.78  lower  than  for  basic  during  the  same  period.  While  the 
advantage  enjoyed  by  the  Southern  furnaces  with  respect  to  the 
cost  of  raw  materials  was  considerably  greater  than  this,  a  counter- 
balancing influence  is  found  in  the  markedly  hi^er  labor  costs  of 
Soothem  pig  iron,  as  well  as  some  of  the  minor  items  of  furnace  cost. 

Itet  metallic  mixture.— The  cost  for  this  item  was  the  highest  for 
Beffiemer  pig  iron,  namely,  $7.80  per  ton.  As  has  been  shown,  this 
net  metallic  mixture  was  chiefly  composed  of  Bessemer  Lake  ore. 
It  may  be  best  compared  with  the  cost  of  the  net  metallic  mixture 
of  basic  pig  iron,  which  was  also  chiefly  composed  of  Lake  ore, 
althou^  the  grade  was  non-Bessemer.  The  cost  for  basic  pig  iron 
was  $7.14  per  ton,  or  only  $0.16  lower  than  for  Bessemer  iron.  Con- 
sidering the  lower  grade  and  lower  average  price  at  lower  Lake 
ports  of  the  non-Bessemer  ore  used,  the  difference  was  much  less  than 
might  be  expected,  and  is  chiefly  explained  by  the  following  facts ; 
(1)  the  groups  of  furnaces  included  in  the  average  for  Bessemer  iron 
had  a  lower  average  freight  cost  from  lower  Lake  ports  than  those  for 
basic  iron,  and  (2)  the  average  yield  of  pig  iron  from  the  net  metallic 
mixture  was  several  per  cent  lower  for  basic  iron  than  for  Bessemer. 
While  it  is  true  also  that  the  average  for  Bessemer  iron  included  the 
Eastern  district,  in  which  considerable  quantities  of  other  ore  ttian 
Lake  ore  were  used,  the  effect  of  this  on  the  average  cost  did  not 
exceed  a  few  cents  per  ton.  The  same  may  be  said  of  the  Western  ore 
Used  in  the  Chicago  and  Western  district 

The  average  freight  rate  on  ore  for  the  furnaces  making  Bessemer 
iron  was  about  $0.62  per  ton  from  lower  Lake  ports,  and  for  the  fur- 
naces making  basic  iron  about  $0.95  per  ton,  giving  a  freight  differ- 
ence on  ore  of  $0.33  per  ton.  This  was  equivalent  to  about  $0.72  for 
the  cost  of  ore  in  one  ton  of  pig  iron,  taking  account  of  the  respective 
quantities  of  each  grade  necessary  to  produce  a  ton  of  pig  iron.  The 
disadvantage  of  the  basic  furnaces  with  respect  to  freight  on  ore  was 
largely  compensated  for,  as  will  be  shown  below,  by  lower  average 
freight  rates  on  coke.  In  fact,  from  this  point  of  view  it  is  better  in 
niaking  comparisons  of  the  two  kinds  of  pig  iron  to  take  the  sum  of 
the  items  of  ore  arid  coke,    (See  p.  120.) 

The  difference  in  cost  of  net  metallic  mixture  between  Bessemer 
and  basic  pig  iron  is  of  interest,  as  it  is  related  to  ore  of  the  same 
region  thongh  of  different  grades.    A  satisfactory  comparison  is  diffi- 
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culty  however,  owing  diiefly  to  the  differeocea  in  ore  freights  from 
lower  Lake  ports.  In  comparing  this  item  of  cost  for  Bessemer  and 
basic  pig  iron  with  the  same  item  for  Southern  pig  iron,  not  only 
were  there  still  greater  differences  on  account  of  freights,  but  the  ores 
themselves  were  of  a  more  diverse  character.  The  comparison  of  basic 
iron  costs  with  Southern  iron  costs  is  of  special  interest,  inasmuch 
as  botii  were  made  from  ores  which  were  relatively  high  in  phos- 
phorus, and  both  kinds  of  iron  were  therefore  non-Bessemer  in  quality- 
Comparing  l^e  cost  of  the  net  metallic  mixture  for  both  Bessemer 
($7.80  per  ton)  and  basic  pig  iron  ($T.14  per  ton),  composed  chiefly 
of  Laku  ore,  with  the  net  metallic  mixture  for  Southern  pig  iron 
($2.35  per  ton),  extremely  large  differences  appear,  namely,  $4,95  per 
ton  between  Bessemer  and  Southern  and  $4.79  per  ton  between  basic 
and  Southern.  These  differences  were  not  influenced  much  by  dif- 
ferences in  the  cost  of  mining  the  ore  used,  but  were  due  chiefly  to  two 
circumstances,  namely,  (1)  the  ore  which  chiefly  composed  the  net 
metallic  mixture  of  Bessemer  and  ba^c  iron  contained  in  its  price 
a  very  large  element  of  freight,  which  greatly  enhanced  its  price  at 
th4  furnace,  and  (2)  the  proflts  included  in  the  price  of  Lake  ore 
were  much  higher  than  for  Southern  ore.  In  consequence  of  this  the 
approximate  average  price  of  ore  at  the  furnace  (price  of  net  metallic 
mixture)  for  Bessemer  iron  averaged  $3.97  per  ton,  and  for  basic  iron 
$3.64  per  ton,  as  against  $0.95  for  Southern  pig  iron.  The  former 
prices,  therefore,  were  about  four  times  the  latter. 

The  respective  costs  of  the  net  metalhc  mixture  did  not  show 
equally  great  differences  for  the  reason  that  there  was  an  important 
counteracting  influence,  namely,  that  a  much  larger  quantity  of 
Southern  ore  was  necessary  to  make  a  ton  of  pig  iron  than  of  Lake 
ore.  Thus  the  average  furnace  yield  for  Bessemer  and  basic  iron  was 
54.4  per  cent  and  50.9  per  cent,  respectively,  indicating  a  reqiiire- 
ment  of  net  metallic  mixture  of  1.84  tons  and  1.96  tons,  respectively, 
to  produce  a  ton  of  pig  iron,  while  that  for  Southern  ore  was  only 
40.6  per  cent,  indicating  a  requirement  of  2.46  tons  of  ore  per  ton  of 
pig  iron. 

Coke. — The  coke  cost  for  Bessemer  pig  iron  was  higher  than  for 
basic,  namely,  $3,89  per  ton  of  iron,  as  compared  with  $3,30,  a  differ- 
ence of  $0.59  per  ton.  Both  kinds  of  iron  were  produced  in  great 
part  with  the  use  of  Connellsville  coke,  for  which  the  grade  was  sub- 
stantially uniform.  There  was  also  some  by-product  coke  used,  and 
the  proportion  differed  for  these  two  kinds  of  pig  iron,  and  also  dif- 
fered for  either  one  of  them  from  year  to  year.  This  undoubtedly 
had  some  small  effect  on  the  relative  coke  costs,  but  the  difference  was  , 
chiefly  due  to  different  locations  of  the  furnaces  comprised  in  each  of 
the  groups,  with  consequent  differences  in  average  freight    The 
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great  bulk  of  the  production  of  basic  pig  iron  was  in-the  PittsborKh 
district  (avera^ng  70.1  per  cent),  for  which  the  coke  freight  rates 
ranged  from  $0.60  to  $0.75  per  ton  for  different  plants  in  different 
years.  These  rates  were  lower  than  the  rates  to  any  other  district. 
For  the  Bessemer  pig-iron  production,  on  the  other  hand,  the  propor- 
tion of  the  Pittsburgh  district  averaged  only  31.9  per  cent.  Again, 
for  basic  pig  iron  the  Chicago  district  had  only  4.8  per  cent  of  the 
total  production,  while  for  Bessemer  it  had  17.8  per  cent.  AstheChi- 
cago  district  bad  by  far  the  highest  coke  rates  of  any  district,  ranging 
from  $2.35  to  $2.75  per  ton  of  coke,  it  is  evident  that  this  tended  to 
make  the  average  freight  higher  for  the  coke  in  the  Bessemer  pig 
iron.  The  approximate  average  freight  on  coke  for  the  Bessemer 
pig-iron  production  was  $1.36  per  net  ton  of  coke  and  $0.89  per  net 
ton  for  the  basic  pig-ir(Hi  production,  showing  a  difference  of  $0.47 
per  ton. 

The  difference  in  coke  consumption,  which  was  less  per  ton  of  pig 
iron  for  basic  than  for  Bessemer  in  spite  of  the  lower  average  iron 
content  of  the  net  metallic  mixture  used  for  the  former,  also  con- 
tributed to  establish  this  difference  in  coke  cost  per  ton  of  pig  iron. 
The  average  coke  consumption  for  Bessemer  pig  iron  was  2,311  pounds 
per  ton,  as  against  2,282  pounds  per  ton  for  basic  pig  iron. 

The  cost  of  coke  for  Southern  pig  iron,  $4.48,  was  conaderablj 
higher  than  for  either  Bessemer  or  basic.  While  the  Southern  fur- 
naces had  generally  a  great  advantage  in  respect  to  coke  cost -in  con- 
sequence of  the  proximity  of  coal  mines  and  coke  ovens  to  the  furnace 
plants,  thus  reducing  freight  charges  to  a  relatively  small  amount, 
they  were  at  a  disadvantage  in  two  respects,  (1)  in  cost  of  coke  at 
ovens,  and  (2)  in  quantity  of  coke  required  per  ton  of  pig  iron.  In 
spite  of  the  fact  that  Connellsville  c(^e  went  into  the  furnace  at  a 
price  which  on  the  average  involved  a  considerable  profit  (see  p.  66) 
as  compared  with  Southern  coke,  the  price  of  the  latter  was  higher, 
reckoned  at  the  coke  ovens.  Reckoned  at  the  furnace,  however,  the 
average  price  of  Southern  coke  was  only  $2.54  per  net  ton,  as  against 
$3.37  for  coke  used  in  Bessemer  furnaces  and  $2.90  for  coke  used  in 
Northern  basic  furnaces.  The  average  freight  rates  on  coke,  there- 
fore, put  the  Northern  furnaces  at  a  disadvantage  in  this  respect  as 
compared  with  the  Southern  furnaces.  This  was  more  than  counter- 
balanced, however,  by  the  larger  quantity  of  coke  required  per  ton  of 
Southern  pig  iron. 

The  average  coke  consumption  for  the  Southern  furnaces  was  3,523 
pounds  per  ton  of  pig  iron,  as  against  2,282  for  Northern  basic  fur- 
naces and  2,311  for  Bessemer  furnaces,  or  54.4  per  cent  more  than 
for  basic  iron  and  52.4  per  cent  more  than  for  Bessemer  iron. 
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Limestone. — The  average  cost  of  limestone  per  ton  of  f«g  iron 
was  very  nearly  the  same  for  Bessemer  and  basic  for  the  five-year 
period,  being  $0.43  and  $0.47  per  ton,  respectively.  This  small  diJIer- 
ence  of  $0.04  per  ton  was  due  in  about  equal  degrees  to  a  slightly 
higher  avwage  price  for  the  limestone  delivered  to  the  basic  furnaces, 
namely,  about  $1  per  gross  ton,  as  compared  with  about  $0.96  per 
gross  ton  for  the  Bessemer  furnaces,  and  to  a  slightly  greater  average 
quantity. used  I^  the  basic  furnaces.  The  average  quantity  used  per 
ton  of  pig  iron  was  about  1,050  pounds  for  basic  and  about  1,000 
pounds  for  Bessemer. 

Although  for  the  Southern  furnaces  the  average  consumption  of 
limestone  per  ton  of  pig  iron  was  a  little  larger  than  for  the  Northern 
furnaces,  namely,  a  little  over  1,100  pounds,  the  average  cost  was 
much  lower  for  the  Southern  furnaces,  namely,  $0.27  per  ton  of  pig 
iron,  on  account  of  the  very  much  lower  price  of  the  limestone  deliv- 
ered at  the  furnaces,  namely,  $0.55  per  gross  ton. 

Ore,  coke,  and  Uiiiestone  combined. — A  better  basis  of  compari- 
son for  the  costs  of  raw  materials  is  the  aggregate  cost  of  ore,  coke, 
and  limestone,  because  while  one  group  of  furnaces  may  be  more 
advantageously  located  than  another  group  with  respect  to  ore  sup- 
ply, it  may  be  less  advantageously  located  with  respect  to  coke,  at 
least  if  it  has  the  same  sources  of  supply  for  each  kind  of  material. 
The  aggregate  costs  for  these  three  items  tor  Bessemer,  basic,  and 
Southern  pig  iron  fop  the  five-year  period  1902  to  1906  were  as 
foUows : 


MslBiial, 

Bassemer. 

Basic. 

Southern. 

3.8S 

17.14 
3.  JO 

.« 

10.« 

11. ea 

The  difference  in  cost  between  Bessemer  and  basic  pig  iron  with 
respect  to  raw  materials  is  clearly  shown  in  the  above  statement, 
the  former  being  $11.62  per  ton,  as  compared  with  $10.91  for 
the  latter,  or  $0.71  per  ton  higher.  The  comparison  in  this  form 
largely  eliminates  what  might  be  regarded  as  the  accidental  circum- 
stances of  furnace  location  with  respect  to  one  raw  material  (ore) 
as  compared  with  another  (coke).  As  both  Bessemer  and  basic  pig 
iron  were  made  chiefly  with  Connellsville  coke  and  the  cost  of  lime- 
stone was  substantially  the  same,  the  principal  causes  for  the  differ- 
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ences  between  them  for  these  items  were  differences  in  freight  and 
differences  in  the  prices  of-ore  at  lower  Lake  ports. 

For  the  fiTe-year  period  1902  to  1906  the  average  cost  of  ore  freight 
from  lower  Lake  ports  for  1  ton  of  Bessemer  pig  iron  was  approxi- 
mately the  average  ore  rate,  namely,  $0.62,  times  the  quantity  of 
net  metallic  mixture  required  per  ton  of  pig  iron,  namely,  1.84  tons, 
or  $1.14  per  ton,  and  the  average  cost  of  coke  freight  for  1  ton  of 
Bessemer  pig  iron  was  approximately  the  average  coke  rate  from 
the  Connellsville  district,  namely,  $1.36  per  net  ton,  times  the 
quantity  required,  namely,  2,311  pounds,  or  $1.57,  giving  a  total 
freight  cost  of  $2.71  per  ton  of  Bessemer  pig  iron.  On  the  same 
basis,  for  basic  pig  iron  the  average  ore  rate  of  $0.95  per  ton  and 
average  requirement  of  1.96  tons  of  net  metallic  mixture  would  indi- 
cate a  freight  cost  of  $1.86,  while  the  average  coke  rate  of  $0.89  per 
net  ton  and  average  coke  requirement  of  2,282  pounds  would  indicate 
a  freight  cost  of  $1.02,  or  a  total  freight  cost  of  $2.88  per  ton  of 
basic  pig  iron.  Comparing  the  total  freight  costs  for  these  two  raw 
materials,  namely,  $2.71  per  ton  for  Bessemer  pig  iron  and  $2.88 
per  ton  for  basic  pig  iron,  shows  a  difference  of  $0.17  per  ton  in  favor 
of  Bessemer.  This  would  indicate  that  the  difference  in  the  cost  of 
these  two  raw  materials  for  Bessemer  and  basic  pig  iron,  namely, 
$0.75  per  ton  greater  for  Bessemer  plus  the  $0.17  per  ton  difference 
in  freight  in  favor  of  Bessemer,  or  a  total  of  $0.92  per  ton  of  pig 
iron,  must  be  attributed  to  differences  in  the  cost  of  the  ore.  On 
the  basis  of  2  tons  of  ore  per  ton  of  pig  iron,  this  would  give  a  differ- 
ence in  the  price  of  t^e  ores  (Bessemer  and  non-Bessemer)  of  $0.46 
per  ton.  The  difference  in  the  prices  of  Bessemer  and  non- Bessemer 
ores  for  the  five-year  period,  as  shown  by  Table  88,  page  278,  was 
$0.45  per  t«n. 

In  ttiree  of  the  four  districts  producing  both  Bessemer  and  basic 
iron  from  Lake  ore  and  principaily  Connellsville  coke  the  cost  of 
assembling  materials  was  higher  for  basic  than  for  Bessemer  iron. 
The  one  exception  was  the  Chicago  disl^ct,  and  this  was  due  to  Ute 
different  locations  of  the  furnaces  producing  Bessemer  and  basic  iron. 
In  this  district  the  plants  producing  basic  iron  were  on  the  Lake, 
while  one  plant  producing  Bessemer  iron  was  located  some  distance 
from  ihe  Lake,  which  involved  an  ore  freight  charge,  and  another 
plant  producii^  Bessemer  iron  was  located  north  of  Chicago  and  took 
a  higher  freight  rate  on  coke.  Naturally  the  cost  of  assembling  mate- 
rials for  basic  iron  would  be  higher  than  for  Bessemer  iron,  on  ac- 
count of  the  lower  average  yield  of  non- Bessemer  ore,  which  required 
larger  quantities  of  both  ore  and  coke. 
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A  comparison  by  districts  of  the  cost  of  assembling  materials  used 
in  the  production  of  Bessemer  and  basic  iron  is  given  in  the  following 
table : 

TiBLB  26.— COMPARISON  OF  B8TIM4TBD  COSTS  OF  TEANBPOETATION  INVOLVED 
IN  NET  METALLIC  UIXTURE  AND  COKE  FOK  1  TON  OF  BESSEMER  AND  BASIC 
PIG  IRON,  BY  DISTRICTS,  1802-1906. 


NetnatolUcmlitu™. 

c^. 

Diatilct.  and  Und  of  ptg  iron. 

OroM 

rcqulred. 

freight 

Trans- 
portation 

Net 
required. 

S' 

Trans- 
portation 

transpor- 
tathni 

Chicago: 

1.S5 
3,02 

l.«7 

i.es 

1.81 

l.M 
1.97 

».cr7 
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1.13 
L12 
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12.52' 
2.43 

1.2S 
.«g 

,se 

1,36 
1.30 

»2,SB 
2.  S3 

1,43 

.JS 

Valley: 

.81 
1.09 

LU 
L20 

I- 20 
LSO 

PttUbnigh: 

WtaMUng: 

'  From  lower  Lake  porta. 

It  is  not  necessary  to  enter  into  detail  in  comparing  the  costs  of 
raw  materials  of  Southern  pig  iron  with  the  two  grades  just  con- 
sidered. As  shown  on  page  120,  the  average  cost  of  these  items  for 
Southern  pig  iron  was  $7.10  per  ton,  as  against  $11.62  for  Bessemer 
and  $10.91  for  basic,  the  differences  being  $4.52  and  $3.81,  respec- 
tively. These  differences  fairly  represented  the  great  advantage  in 
the  cost  of  raw  materials  of  Southern  pig  iron  as  compared  with  the 
two  grades  of  Northern  pig  iron,  or,  in  fact,  any  common  grades  of 
iron  produced  from  Lake  ores  in  the  central  region.  The  most 
important  factor  was  the  difference  in  the  cost  of  assembling  the 
raw  materials,  which  was  so  great  as  to  more  than  offset  the  necessity 
of  using  much  larger  quantities  of  ore  and  coke. 

Labor. — The  average  labor  cost  per  ton  was  considerably  higher 
for  Bessemer  pig  iron  than  for  basic,  the  amounts  being  $0.77  and 
$0.62,  respectively. 

The  average  labor  cost  for  the  Southern  furnaces  was  much 
greater,  namely,  $1.23  per  ton  of  pig  iron.  While  this  may  be  partly 
attributed  to  an  inferiority  of  Southern  furnaces  on  the  average  to 
the  Northern  furnaces  making  Bessemer  and  basic  pig  iron  in  respect 
to  capacity,  design,  and  labor-saving  equipment,  as  well  as  to  dif- 
ferences in  wages  and  efficiency  of  labor,  the  chief  factor  probably 
was  the  comparatively  low  iron  content  of  Southern  ores.  It  re- 
quired 2.46  tons  of  net  metallic  mixture  to  produce  a  ton  of  pig  iron 
at  the  Southern  furnaces,  as  against  1,86  tons  at  the  Northern  fur- 
naces, or  32.3  per  cent  more;  it  required  3,523  pounds  of  cf^  to 
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produce  a  ton  of  pig  iron  at  the  Southern  furnaces,  as  against  2,307 
pounds  at  the  Northern  furnaces,  or  52.7  per  cent  more.  It  would 
appear,  therefore,  that  even  if  the  furnaces  in  both  regions  had  been 
of  equally  improved  design  and  equipment  the  labor  cost  for  the 
former  per  ton  of  pig  iron  produced  would  have  been  very  cwisider- 
ably  higher,  though  not  in  the  same  proportions  as  the  wei^ts  of 
raw  materials  charged. 

Other  items  of  furnace  cost. — The  variations  of  the  remaining 
furnace  cost  items,  with  two  exceptions,  were  so  small  that  they  call 
for  no  special  comment. 

The  miscellaneous  and  general  works  expense  for  Bessemer  and 
basic  iron,  while  averaging  practically  the  same,  $0.26  and  $0.25, 
respectively,  was  much  lower  than  for  the  Southern  iron,  which  was 
$0.45.  One  reason  for  this  difference  was  that  in  some  cases  certain 
expenses  which  were  not  included  in  the  furnace  costs  by  the  North- 
em  furnaces  were  so  included  by  the  Southern  furnaces.  Another 
reason  for  the  relatively  high  cost  of  this  item  for  Southern  pig  iron 
was  a  much  smaller  output,  as  compared  with  the  Northern  furnaces. 
The  cost  per  ton  for  relining  and  renewals  was  about  the  same  for 
Bessemer  and  basic  pig  iron,  namely,  $0.18  and  $0.17,  respectively. 
The  charge  for  Southern  pig  iron  was  much  higher  and  averaged 
$0.30  per  ton.  Apparwitly  the  mom  important  Southern  furnaces 
were  driven  hard  and,  it  is  understood,  required  relining  on  the 
average  as  frequently  as  the  Northern  furnaces.  In  consequence  of 
their  relatively  smaller  output  on  account  of  low-grade  ore,  their 
costs  per  ton  for  relining  were  naturally  higher. 

AiHirnoNAL  cosr. — There  were  considerabie  differences  in  the  items 
of  additional  cost,  especially  as  between  the  Northern  pig  iron  and 
Southern  pig  iron  on  account  of  differences  in  commercial  organiza- 
tion and  accounting  methods. 

The  item  of  general  and  miscellaneous  expense  did  not  diffei 
greatly  for  Bessemer  and  basic  pig  iron,  for  which  the  average  costs 
were  $0.36  and  $0.27  per  ton,  respectively.  For  Southern  pig  iron 
it  was  very  much  lower,  namely,  $0.11  per  ton.  This  large  difference 
was  partly  due  to  the  fact  that  in  some  cases  general  expenses  were 
p«t  into  the  furnace  costs  by  Southern  pig-iron  producing  com- 
panies, thus  making  the  items  of  miscellaneous  and  general  works 
expense  much  higher  than  for  Northern  pig  iron. 

Depreciation  differed  considerably  as  between  Bessemer  and  basic 
pig  iron,  the  average  costs  being  $0.39  and  $0.25,  respectively. 
While  the  rule  of  apportionment  adopted  (see  pp.  20-21)  naturally 
resulted  in  a  lower  charge  for  basic  pig  iron  for  any  company  in 
any  year  on  account  of  its  lower  cost  per  trai,  more  important 
factors  were  the  considerable  variations  in  these  charges  in  the  par- 
ticular companies  covered  in  each  case  aad  the  differences  in  the 
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relative  proportions  of  production  of  each  grade  from  year  to  ye»r. 
For  Southern  pig  iron,  depreciation  chai^ies,  apart  from  the  chai^ 
for  relining  the  furnaces,  were  not  generally  made,  so  that  the  aver- 
age, namely,  $0.02  per  ton,  was  extremely  small  in  comparison  with 
Bessemer  or  basic  pig  iron. 

T0TiJ<  BOOK  C06T, — The  total  book  cost  of  Botwmer  |»g  iron  was  , 
$14.01  per  ton,  as  compared  with  $12.82  for  basic,  a  difference  of  $1.19  ' 
per  ton.  The  chief  causes  for  this  difference  were  the  same  as  those 
already  stated  for  the  differences  in  total  furnace  cost,  namely,  lower 
costs  of  raw  materials  and  of  labor  in  the  case  of  basic  pig  iron. 
While  there  was  thus  a  marked  difference  in  the  average  cost  of  Bes- 
suner  and  basic  pig  iron,  this  was  largely  compensated  for  by  the  dif- 
ference in  quality  and  availability  for  steel  production  under  the 
technical  and  commercial  conditions  prevailing  at  that  time. 

For  Southern  pig  iron  the  total  book  cost  averaged  $9.65  per  ton, 
showing  a  difference  of  $4.36  as  compared  with  Bessemer  and  of  $3.11 
as  compared  with  basic.  In  this  case  the  marked  differences  in  the 
additional  costs  for  Northern  as  ccwnpared  with  Southern  pig  iron 
were  of  considerable  importance.  In  comparing  this  low  average 
cost  of  Southern  pig  iron  with  Bessemer  it  should  b©  borne  in  mind, 
of  course,  that  the  grades  of  the  two  products  are  quite  distinct,  and 
during  the  period  under  consideration  they  were  not  competing  com- 
modities, one  being  used  chiefly  for  foundry  purposes  and  the  other 
for  Bessemer-steel  production.  ! 

The  relationship  between  Southern  pig  iron  and  Northern  basic 
iron  was  somewhat  closer  because  there  is  often  much  less  differ- 
ence between  a  basic  iron  suitable  for  steel  making  and  a  foundry 
grade.  In  view  of  the  large  average  difference  in  cost  shown  above, 
namely,  $3.17  per  ton,  it  might  appear  strange  that  the  Southern  pig- 
iron  production  should  not  show  a  very  rapid  growth  at  the  expense 
of  the  Northern  basic-iron  production.  There  appear  to  be  two  im- 
portant reasons  for  this.  In  the  first  place,  the  Southern  pig  iron 
contains  a  large  amount  of  silicon,  which,  though  advantageous  for 
many  purposes  in  foundry  grades,  is  excessive  for  the  purposes  of  steel 
making,  and  under  otherwise  similar  conditions  involves  a  greater 
cost  to  convert  into  steel.  This,  in  factj  is  the  reason  for  the  use  of 
the  more  expwisive  duplex  process  of  making  open-liearth  steel  in  the 
South  as  compared  with  the  simple  open-hearth  process  in  the  North. 
Another  and  more  important  reason,  however,  is  found  in  the  fact 
that  the  Southern  furnaces  are  far  removed  from  the  chief  markets 
of  consumption,  and  the  freight  rates  to  such  markets  are  relatively 
high.  Thus  the  freight  rates  on  pig  iron  from  Birmingham  to  Cin- 
cinnati during  this  period  varied  from  $2,75  to  $8.25  per  ton,  the 
rates  to  Fitt^rgh  were  around  $4.85  per  ton,  while  the  rates  to 
Chicago  were  about  $4.35  peir  ton, 
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Section  6.  Proflta  oil  ulet  and  tranifen  of  pi^  iron. 

NcvTHHSN  PiQ  iBON. — Th^  profit  and  loes  statements  of  the  crnnpa- 
niee  reporting  the  costs  of  pig  iron  not  only  show  the  costs  of  the 
sales  or  transfers  of  this  commodity,  which  are  of  interest  for  com- 
parison with  the  costs  derived  from  the  cost  sheets,  but  they  also 
show  the  profits  earned  th^em,  and  Uiese  are  of  importance  in  de- 
termining the  costs  of  commodities  made  from  pig  iron,  because  such 
profits,  so  far  as  they  related  to  Bessemer,  basic,  and  Southern  pig 
iron,  were  included  to  a  greater  or  less  degree  in  the  costs  of  steel 
ingots.  It  will  be  shown,  however,  that  while  the  pig  iron  sold  gen- 
erally ^owed  a  high  profit  per  ton,  as  well  as  a  part  of  the  pig  iron 
which  was  transferred  at  a  profit,  the  great  bulk  of  the  Northern  pig 
iron  here  under  consideration  went  directly  from  the  blast  furnaces 
to  the  steel  works  at  cost,  with  the  result  that  only  a  small  amount  of 
profit  over  and  above  the  book  cost  of  pig  iron  was,  on  the  average, 
included  in  the  cost  of  ingots.  In  so  far,  however,  as  the  pig-iron 
costs  contain  large  profits  wi  account  of  the  prices  at  which  ore  and 
coke  were  charged  at  the  fumacee,  these  profits  formed  a  part  of  the 
costs  of  steel  ingots. 

This  difference  In  the  practice  of  transferring  pig  iron,  L  e.,  part 
at  a  prc^t  and  part  at  cost,  is  due  to  the  fact  that  certain  companies 
arbitrarily  adopted  one  method  or  the  other,  as  best  suited  their  con- 
venience. In  the  case  of  the  Steel  Corporation,  whose  subsidiary 
COTupanies  produced  the  great  bulk  of  the  tonnage  of  Northern  Besse- 
mer and  basic  pig  iron,  the  transfers  from  the  furnaces  to  the  steel 
works  within  a  given  subsidiary  company  (e.  g.,  Carnegie)  were 
made  at  cost. 

The  profit  and  loss  statements  in  the  case  of  some  companies  dis- 
tinguish the  sales  of  Bessemer  pig  iron  from  basic  and  other  grades, 
but  for  other  companies  no  such  distinction  is  made.  Hence,  for  a 
general  average  of  the  results  of  such  sales  and  transfers  it  is  neces- 
sary to  take  all  kinds  of  Northern  pig  iron  tc^ether.  The  results, 
as  shown  by  the  profit  and  loss  statements,  foUow: 
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In  considering  this  table  it  will  be  observed  that  the  average  cost 
of  the  Northern  pig  iron  sold  and  transferred  for  the  five-year  period 
1902  to  1906  was  $13.87  per  ton,  as  against  $18.83  foi-  the  aver- 
age book  cost  of  the  total  production  comprised  in  the  returns 
made  to  the  Bureau,  a  difference  of  only  $0.04  per  ton.  The  quan- 
tity of  the  former  was  only  15,411,875  tons,  however,  as  compared 
with  61,949,875'  tons  for  the  latter. 

The  average  costs  of  the  quantities  sold  were  different  also  from 
the  average  costs  of  the  quantities  transferred.  Thus,  the  average 
costs  for  the  five-year  period  1902  to  1906  were  $14.04  and  $13.83, 
respectively,  showing  an  average  difference  of  $0.21.  The  differences 
for  particular  years  were  often  considerably  greater. 

While  the  costs  of  the  quantities  sold  and  transferred  were  nearly 
the  same,  at  least  when  a  five-year  average  is  taken,  it  was  quite  other- 
wise with  respect  to  the  average  prices,  and  consequently,  also,  the 
average  profits  for  sales  and  transfers  at  a  profit.  For  the  five-year 
period  the  average  price  of  Northern  pig  iron  for  the  quantity  sold 
was  $16.09  per  ton,  while  for  the  quantity  transferred  at  a  profit  the 
average  price  was  only  $14.36  per  ton,  showing  a  difference  of  $1.71 
per  ton. 

The  average  price  of  the  sales  was  a  fair  representatt(m  of  the 
market  prices,  while  the  prices  of  transfers  were  largely  arbitrary. 
For  particular  years  the  differences  in  the  average  prices  of  sales 
and  transfers  were  naturally  even  greater,  ranging  from  $0.32  per 
ton  in  1904,  when  the  average  price  of  transfers  was  higher  than  that 
of  sales,  to  $3.15  in  1906,  when  the  average  price  of  sales  was  the 
higher.  That  the  average  price  of  sales  should  be  lower'than  that 
of  transfers,  as  in  1904,  is  an  interesting  fact,  and  shows  not  only 
the  low  market  prices  prevailing  in  that  year  of  depression  in  the 
iiron  trade,  but  also  illustrates  in  a  striking  manner  the  arbitrary 
character  of  the  transfer  prices.  The  average  price  of  sales  ranged 
from  $12.91  in  1904,  the  year  of  depression,  to  $18.48  in  1903.  While 
the  beginning  of  the  depression  of  19M  had  already  made  itself 
evident  during  the  latter  part  of  1903,  the  early  part  of  the  year  1903 
was  one  of  great  apparent  prosperity  and  high  prices,  and  the  con- 
tracts for  future  delivery  of  pig  iron  evidently  carried  the  trade 
pretty  well  through  the  year,  as  is  evidenced  by  the  fact  that  the 
average  price  of  sales  was  highest  in  1903. 

With  respect  to  the  profits  on  Northern  pig  iron  sold  and  trans- 
ferred at  a  profit,  the  chief  interest  is  naturally  centered  on  the  profits 
from  the  quantities  sold,  since  these  were  fixed  by  costs  and  real  mar- 
ket prices.  The  average  profit  on  the  pig  iron  sold  for  the  five-year 
period  1902  to  1906  was  $2.05  per  ton,  and  ranged  from  a  loss  of 
$0.13  per  ton  in  1904  to  a  profit  of  $3.20  per  ton  in  1903.    TTie  varia- 
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tions  in  average  annual  profit  were  chiefly  due  to  varifttions  in  aver- 
ige  annual  price,  which  showed  a  margin  between  the  higheet  and 
lowest  years  of  $5.57  per  ton,  while  the  average  annual  costs  showed  a 
maximum  margin  of  $2.24  per  ton.  The  profits  on  the  Northern  pig 
iron  transferred  at  a  profit  were  small  compared  with  those  on  sales, 
the  average  profit  being  $0.55  per  ton  for  the  five-year  period  1902 
to  1906. 

The  average  profit  on  sales  and  transfers  at  a  profit,  combined, 
namely,  $0.86  per  ton,  has  little  statistical  agnificance.  The  total 
amount  of  profit  for  these  sales  and  transfers  for  the  five-year  period 
1902  to  1906  was  $13,208,867.43,  and,  in  so  far  as  this  tonnage  went 
into  the  production  of  st«el,  this  profit  was  included  in  the  cost  price 
of  the  raw  material  and  enhanced  the  cost  of  steel  correspondingly. 
It  should  be  borne  in  mind,  however,  that  the  greater  part  of  the  pig 
iron  used  for  steel  making  was  transferred  at  cost.  The  average 
profit  per  ton,  therefore,  which  went  into  the  cost  of  steel  was  very 
much  less  than  the  average  profit  shown  on  the  sales  and  transfers 
combined,  which  are  comprised  in  the  above  table. 

SotJTHEBN  pio  IBON. — For  Southem  pig  iron  a  lai^  proportion  of 
the  total  production  was  sold,  and  a  considerable  proportion  also 
was  ti^nsf erred  at  a  profit;  so  that  a  very  small  part  of  the  total 
production  was  transferred  at  cost.  The  fact  that  a  very  large  pro- 
portion of  the  total  productitm  was  sold  is  explained  by  the  circum- 
stance that  the  pig  iron  produced  was  largely  of  foundry  grade 
which  was  sold  to  other  companies  in  the  North  as  well  as  in  the 
South.  Some  of  it  was  used  for  steel  making  by  the  producing  con- 
cerns, but  most  of  this  tonnage  was  transferred  at  a  profit  instead  of 
at  cost  by  the  companies  making  and  using  it.  Thus,  the  total  pro- 
duction for  the  five-year  period  1902  to  1906  for  which  cost  data 
are  shown  above  (see  p.  112),  was  5,339,766  tons,  while  the  quantity 
sold  or  transferred  at  a  profit  during  the  same  period  by  the  same 
companies  was  5,252,429  tons.  The  amount  sold  was  4,144„592  tons, 
or  78.9  per  cent  of  the  total  quantity  sold  and  transferred  at  a  profit. 

TiBLBjg.— BOOKCOSTH,  PRICES,  AND  PROFITS  FOR  BOUTHERN  PIO  IRON  SOLD  OR 
,  TRANSFERRED  AT  A   PROriT,  BY  YEARS,  IMa-lMfl. 
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The  STerage  cost  of  the  tonnage  of  Southern  pig  inm  sold  and 
transferred  at  a  f«ofit,  combined,  was  $9.59  per  ton  for  the  five-year 
period  1902  to  1906  as  compared  with  $9.65,  as  shown  by  the  cost 
sheets  foe  the  tonnage  comprised  theran.     (See  p.  112.) 

The  average  price  of  the  Southern  pig  iron  sold  fc«'  the  five-year 
period  1902  to  1906  was  $11.73  per  ton,  and  ranged  from  $9.21  per 
t<Hi  in  1904,  the  year  of  depression,  to  $13.15  in  1903.  These  prices 
were  much  lower  than  for  Northern  pig  iron  at  furnace,  but  as  the 
Southern  pig  irtm  was  largely  sold  in  the  territory  where  the  North- 
em  furnaces  were  located,  to  which  heavy  freights  must  be  paid  on 
Southern  pig  iron,  the  effective  difference  in  price  was  much  less  than 
would  appear  from  a  comparison  of  the  prices  in  these  tables.  Fur- 
thermore, the  Northern  and  Southern  pig  irons  both  included  several 
grades,  so  that  the  real  degree  of  difference  between  their  prices  for 
competing  grades  is  not  determinable  fr<HB  these  average  figurea 

The  profit  on  the  Southern  pig  iron  sold  was  $2.15  per  ton  for  the 
five-year  average  1902  to  1906  and  ranged  from  $0.47  in  1904  to 
$3.40  in  1903.  Nearly  all  of  tiie  pig  iron  sold  was  of  foundry  grades, 
and  did  not  go  into  the  production  of  steel  or  the  products  thereof, 
so  that  the  amount  of  profit  obtained  is  of  secondary  interest. 

As  the  profits  on  Southern  pig  iron  transferred  at  a  profit  were 
chiefly  determined  by  the  arbitrary  transfer  prices,  they  have  little 
interest,  except  in  so  far  as  they  indicate  what  may  have  been  the 
profit  included  in  the  cost  of  pig  iron  used  in  making  steel.  Probably 
most  of  the  Southern  pig  iron  transferred  at  a  profit,  as  shown  above, 
was  used  by  the  same  cwnpanies  which  produced  it  for  the  manufac- 
ture of  iron  and  steel  products.  It  is  this  profit,  therefore,  which 
is  of  chief  interest  in  this  case,  so  far  as  an  indication  may  be  desired 
as  to  how  much  profit  was  included  in  the  price  of  pig  iron  used  in 
making  steel  in  the  Sourthern  steel  plants.  The  tonnage  shown 
here  as  transferred  at  an  average  profit  of  $1.62  per  ton  during 
the  five-year  period  1902  to  1906  comprised  an  important  part  of 
the  total  pig-iron  tonnage  used  in  making  st«el  at  the  steel  works  in 
the  South. 
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CHAPTER  VT. 
BOOK  COST  OF  STEEL  ISOOTS,  1902-1906. 
Section  1.  Introductory. 

When  pig  iron  is  converted  into  steel,  the  first  solid  form  it  takes  is 
the  ingot,  which  is  simply  an  oblong  block  of  steel,  varying  consider- 
ably in  size  and  shape,  but  usuaUy  about  6  feet  liHig,  2  feet  wide,  and 
IJ  feet  thick,  and  weighing  about  4  gross  tons.  Steel  ingots  and 
also  certain  semifinished  products  made  tiierefrom  are  sometimes  re- 
ferred to  as  crude  steel. 

The  ingot  ordinarily  is  not  a  commercial  product  in  the  United 
States,  but  merely  an  intermediate  product  between  pig  inm  and 
blooms,  billets,  sheet  bars,  or  slabs.  Billets  and  ^eet  bars  are  ordi- 
nary articles  of  commerce  and  the  other  products  likewise  to  a  greater 
or  less  extent 

Pig  iron,  as  explained  in  the  preceding  chapter,  unless  refined,  is, 
generally  speaking,  suitable  only  for  castings;  this  is  on  account  of 
its  chemical  composition,  particularly  the  high  percentage  of  carbon 
which,  although  it  gives  hardness,  also  renders  the  metal  very  brittle 
and  inelastic.  For  this  reason  ordinary  cast  iron  is  largely  used  for 
the  production  of  articles  which  are  subjected  to  little  strain  or 
i'hock.  By  eliminating  a  large  part  of  the  carbon  and  certain  impuri- 
ties, such  as  phosphorus,  a  product  may  be  obtained  which,  though 
generally  softer,  is  stronger  and  more  elastic. 

The  two  principal  processes  for  making  the  ordinary  commercial 
grades  of  steel  are  the  Bessemer  process  and  the  op^i-hearth  process. 
While  in  each  of  these  processes  it  is  possible  to  obtain  considerable 
variation  in  the  quality  of  the  product,  steel  of  substantially  the 
same  quality  can  be  produced  by  either  of  them. 

BGssBBfER  PROCESS. — The  original,  or  "  acid "  Bessemer  process. 
Darned  after  Sir  Henry  Bessemer,  is  the  only  one  practiced  in  the 
United  States,  and  therefore  the  only  one  that  needs  special  descrip- 
tion here. 
L  Reduced  to  simple  terms  the  Bessemer  process  consists  in  blowing 
I  cold  air  through  a  vessel  containing  molten  pig  iron,  the  oxygen  of  the 
air  blast  combining  with  the  silicon  and  carbon  of  the  iron  and  form-  . 
ing  a  slag  which  rises  to  the  top  of  the  vessel.  Manganese  and  carbon 
are  added  to  the  metal  according  to  the  amount  required  for  the 
particular  quality  of  steel  desired.  A  certain  amount  of  manganese 
is  necessary  to  give  ductility  to  the  steel  when  hot,  and  some  carbon 
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is  necessary  to  give  sufficient  hardness,  particularly  for  rail  steel.  AH 
the  phosphorus  remains  in  the  metal,  and  for  that  reason  must  not 
exceed  0,1  per  cent  in  the  pig  iron  used,  i.  e.,  the  pig  iron  must  be  of 
Bessemer  grade. 

The  plant  dnd  equipment  for  making  Bessemer  steel  is  cwnpara- 
tively  simple.  The  Bessemer  converter,  in  which  the  conversion 
from  pig  iron  to  steel  is  made,  is  a  pear-shaped  vessel  of  steel,  lined 
with  refractory  brick,  generally  of  about  10  tons  capacity.  It  is  so 
mounted  that  it  can  be  tilted  from  a  vertical  to  a  horizontal  position. 
The  top  is  open  and  the  bottom  has  perforations  through  which  the 
oir  is  blown.  The  converter  is  filled  with  molten  pig  iron  when  in  a 
horizontal  position,  and  after  the  air  blast  has  been  turned  on  it  is 
tilted  to  a  vertical  position,  the  force  of  the  air  blast  preventing  any 
metal  from  passing  through  the  orifices  at  the  bottom.  When,  after 
about  10  minutes,  the  process  of  conversion  is  completed  the  con- 
verter is  tilted  back  to  a  horizontal  position  and  the  air  blast  with- 
drawn. Th^  metal  is  then  poured  into  a  large  container  called  a 
ladle,  the  slag  rising  to  the  top.  From  the  ladle  the  steel  is  drawn 
off  from  the  bottom  into  ingot  molds,  in  which  it  solidifies. 

The  metal  used  may  be  hot  metal  directiy  from  the  blast  furnaces 
or  cold  pig  metal  which  has  been  remelted  in  cupola  furnaces.  The 
latter  was  for  a  long  time  the  general  practice  and  is  still  applied  to  a 
part  of  the  metal  used,  because  the  production  of  the  blast  furnace  is 
continuous,  while  the  steel  works  are  often  closed  down  on  Sunday. 

Reference  has  been  made  above  to  cupola  furnaces.    These  are  used 
to  remelt  cold  pig  iron  and  scrap.    The  cupola  furnaces  are  similar 
in  principle  to  blast  furnaces,  but  much  smaller.     The  pig  iron  or 
scrap  is  charged  in  the  furnace  together  with  coke  and  limestone  in     I 
successive  layers,  and  the  metal  is  melted  by  tiie  combustion  of  the     j 
coke,  for  which  oxygen  is  furnished  by  means  of  a  cold-air  blast. 

In  modem  works  the  molten  iron,  especially  that  coming  directly     i 
from  the  blast  furnaces,  is  usually  charged  first  into  a  large  vessel     | 
known  as  a  mixer,  which  is  generally  of  several  hundred  tons  capac- 
ity.   As  the  molten  pig  iron  from  the  blast  furnace  varies  somewhat 
in  quality,  it  is  not  always  exactly  suitable  for  direct  use  in  the 
converter,  s<Hnetimes,  for  example,  containing  too  much  silicon  and 
sometimes  too  little.    By  charging  successive  casts  of  the  blast  fur-     , 
naces  into  the  mixer  the  material  becomes  mixed  and  takes  on  a  more 
uniform  quality.    The  mixer  constitutes,  therefore,  both  a  reservoir     , 
and  equalizer  of  hot  pig  metal  and  a  means  of  taking  care  of  a  part 
of  the  Sunday  iron  from  the  blast  furnaces. 

Open-hbarth  process.— This  process  may  be  either  "  acid "  or     , 
"  basic,"  and  both  of  these  methods  of  steel  production  are  used  in 
the  United  States.    The  basic  open-hearth  process,  however,  is  of 
vastly  greater  importance  in  the  United  States  than  the  acid.    The 
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latter  is  used  only  for  special  qualities  of  steel,  while  the  former  is 
used  for  the  production  of  sted  which  is  utilized  for  most  of  the 
ordinary  cooimeretal  products.  As  the  conversion  by  the  basic  open- 
hearth  process  is  more  expensive  than  by  the  Bessemer  process,  the 
chief  reason  for  using  the  fwmer  is  that  it  makes  feasible  Hie  use  of 
the  cheaper  basic  pig  iron.  Scrap  is  also  extenaiTely  used  and  does 
not  need  to  be  so  low  in  phoephorus  as  that  required  for  the  Bessemer 


The  open-hearth  process  is  much  slower  than  the  Bessemer,  the 
time  required  being  several  hours,  thou^  between  the  different  gys- 
lems  of  melting  there  are  wide  differences  in  the  duration  of  the 
process. 

The  conversion  of  pig  iron  into  open-hearth  steel  is  accomplished 
by  heating  the  iron  to  a  very  high  temperature  in  a  regenerative 
furnace  in  the  presMice  of  air  and  other  oxidizing  agents.  This  is  a 
peculiar  type  of  furnace  which  is  necessary  in  order  to  get  a  sufficient 
degree  of  heat.  Stated  briefly,  the  process  consists  in  bringing  to- 
gether previously  heated  gas  and  air  over  a  hearth  upon  which  the 
metal  is  charged.  The  gas,  which  is  generally  produced  from  coal, 
is  generated  ui  a  series  of  furnaces  of  a  special  kind  built  alongside 
the  steel  plant.  These  furnaces  are  called  "  producers "  and  such 
gas  is  called  "  producer  gas."  The  gas  is  heated  in  one  of  several 
chambers  at  one  side  of  the  steel  furnace,  these  chambers  being 
partly  filled  with  a  checkerwork  of  brick  calculated  to  absorb  and 
give  off  a  large  amount  of  heat.  In  another  similar  chamber  air  is 
heated  in  the  same  way.  The  gas  and  the  air  which  are  thus  brought 
to  an  intense  heat  are  conducted  separately,  throu^  flues,  into  a 
low-arched  furnace,  where  they  meet  over  a  hearth  upon  which  the 
metal  has  been  charged.  The  combustion  of  the  gas  under  these  con- 
ditions produces  an  exb«mely  high  temperature,  which  is  sufficient 
to  melt  the  metal  and  to  keep  it  in  a  highly  fluid  condition. 

The  conversion  of  the  pig  iron  into  steel  ccmsists  substantially  in 
reducing  the  amount  of  carbtm  in  the  metal.  This  oxidation  or 
huming  of  the  carbon  occurs  partly  during  the  melting  and  partly 
during  the  subsequent  *'  boiling  "  of  the  metal  by  contact  with  the 
air  in  the  furnace.  After  the  carbon  has  been  thus  almost  entirely 
removed  the  metal  is  ready  for  tapping,  but  it  is  generally  necessary 
to  put  back  into  the  iron  some  carbon  and  also  manganese.  This 
may  be  done  by  putting  some  spiegeleisen  in  the  bath  or  by  adding 
feiTomanganese  to  the  metal  as  it  is  tapped  from  the  furnace  into  the 
ladle,  the  slag  being  tapped  off  first. 

The  pig  ircm  and  scrap  for  use  in  the  acid  open-hearth  process  must 
not  be  over  0.1  per  cent  in  phosphorus,  as  none  of  the  phosphorus 
is  eliminated.  The  lining  of  the  furnace  is  of  clay  brick  and  the 
hearth  is  covered  vith  sand — an  "  add  "  subetanoe. 
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The  basic  open-hearth  process  is  similar  to  the  add  oprai-heu^ 
process  in  the  way  the  iron  is  changed  to  steel,  but  the  furnace  must 
have  a  basic  lining.  The  basic  differs  from  the  acid  open-hearth 
process  in  that  it  is  adapted  to  the  production  of  steel  from  pig  iron 
which  contains  a  considerable  percentage  of  phosphorus. 

In  order  to  eliminate  the  phosphorus  it  is  necessar;  to  furnish  it 
with  something  to  combine  with.  For  this  purpose  lime  or  limest<me 
is  chai^;ed  along  with  the  metallic  materials.  Phosphorus  will  com- 
bine with  the  lime  as  a  phosphate  of  lime  and  go  Into  the  slag  and 
stay  there,  provided  the  slag  ia  kept  in  a  "  basic  "  condition,  i.  e., 
substances  like  lime  or  other  alkaline  earths  must  predominate.  If 
the  slag  is  basic,  however,  the  hearth  must  be  basic  also  or  else  it  will 
be  eaten  away,  which  will  result  not  only  in  spoiling  the  hearth,  but 
also  in  changing  the  character  of  the  slag  and  making  it  incapable 
of  retaining  the  phosphorus.  Hence  the  hearth  must  have  a  basic 
lining  composed  of  dolomite,  magnesite,  or  some  ^milar  basic  sub- 
stance. 

After  most  of  the  phosphorus  and  nearly  all  of  the  carbon  have 
been  eliminated,  first  the  slag  and  then  the  metal  is  tapped  from  the 
furnace  and  ferrcHnanganese  added  to  the  metal  to  give  it  the  neces- 
sary amount  of  manganese  and  carbon. 

Vanaiione  in  open-hearth  methods. — The  modifications  of  the  open- 
hearth  process  are  numerous,  but  the  principles  are  substantially 
the  same  as  described  above.  Three  variations  which  have  had  some 
development  in  the  United  States  may  be  specially  mentioned. 

The  Monell  process  is  distinctly  an  "ore"  process.  The  furnace 
is  charged  first  with  limestone  and  ore  and,  when  these  have  been 
fused,  molten  pig  iron  from  the  blast  furnace  or  mixer  is  added.  The 
slag  is  formed  rapidly  and  quickly  takes  off  the  phosphorus  and  is 
tapped  at  the  cinder  notch  and  withdrawn  befwe  all  Uie  carbon  has 
been  eliminated.  The  rest  of  the  process  is  like  the  ordinary  basic 
process  already  described. 

The  Talbot  process  is  a  continuous  one,  i.  e.,  the  metal  is  added  to 
the  bath  from  time  to  time  and  likewise  withdrawn  there&cnn  with- 
out emptying  the  furnace  or  interrupting  the  process.  For  this 
reason  a  tilting  furnace  is  used  of  immense  capacity,  sometimes  200 
tons  or  more.  Molten  pig  iron,  ore,  and  limestone  are  charged  in  a 
basic  furnace,  and  the  slag  which  is  formed  is  first  removed  and  then 
a  small  part  of  the  metal.  Then  additions  are  made  of  molten  metal, 
ore,  and  limestone  from  time  to  time,  while  corresponding  quantities 
of  metal  are  tapped  from  the  furnace  and  ferromanganese  added  in 
the  ladle. 

The  duplex  process  is  a  modification  of  the  open-hearth  process  and 
consists  in  putting  a  basic  pig  metal  first  through  a  Bessemer  con- 
verter and  subsequently  through  a  basic  open-hearth  furnace.    The 
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ccmTerter  removes  tiie  silicon  and  carbon  and  the  open-heartli  fnmace 
the  phosphorus. 

There  are  Twioas  other  processes  used,  especially  in  fotwgn  coun- 
tries, but  it  is  not  necessary  to  consider  them  here. 

Relation  of  flant  to  operatinq  cost. — The  differences  in  the 
kinds  of  plants  employed,  as  well  as  in  the  materials  which  can  be 
used  therein,  have  an  important  bearing  on  the  relative  costs  of 
production. 

These  differences  may  be  considered  with  relation,  first,  to  the 
character  of  the  plant;  second,  the  nature  of  the  materials;  and, 
third,  the  waste  of  the  process. 

Character  of  the  plant. — As  between  the  different  Bessemer  plants 
there  are,  of  course,  differences  in  capacity  and  equipment  whidi 
have  some  influence  on  the  operating  co^ts  of  ]»wluctio9i.  Gen- 
erally, however,  the  Bessemer  process  is  one  of  comparative  uni- 
fonnity,  and  the  differences  in  cost  are  chiefly  due  to  differences  in 
the  scale  of  operations  and  the  relative  completeness  or  perfection  of 
the  mechanical  conveying  ^tems  ^nployed  and  the  general  arrange- 
ment and  integration  of  the  plant. 

A  variety  of  differences  is  found  with  respect  to  open-hearUi  fur- 
naces, partly  on  account  of  the  variety  in  the  processes  employed. 
In  the  first  place,  there  are  great  differences  in  the  capacity  of  the 
furnaces,  which  for  the  ordinary  stationary  type  may  range  from  15 
to  100  tons,  though  commonly  from  30  to  60  tons,  while  the  tilting 
furnaces  for  the  Talbot  process — of  which,  however,  there  are  only  a 
few  in  this  country — are  from  200  to  300  tons  capacity.  The  ordi- 
nary stationary  furnaces  are  built  in  batteries  or  rows,  with  a  common 
platform  for  charging  on  one  side  and  a  common  pit  on  the  other 
side  for  bringing  the  ladles  alongside  the  furnaces  to  receive  the  steel. 
As  each  unit  in  the  battery  requires  attention  from  the  melters,  the 
larger  units  are  more  economical  of  labor,  and  the  same  is  true  for 
the  tapping  of  the  steel  when  the  operation  is  completed.  The  laiger 
furnaces  are  also  more  economical  of  fuel  and  of  furnace  linings, 
which  frequently  require  replacement. 

As  between  the  basic  and  acid  open-hearth  furnaces  certain  differ- 
ences exist  in  the  plant  which  affect  the  operating  costs.  The  most 
important,  perhaps,  is  the  more  expensive  hearth  of  the  basic  furnace, 
which  must  be  frequently  renewed. 

It  may  be  pointed  out  that  while  the  open-hearth  furnace  has  gen- 
erally a  very  much  larger  capacity,  it  requires  also  a  very  much  longer 
time  to  convert  iron  into  steel.  Thus,  a  10-ton  Bessemer  converter 
takes  about  10  minutes  for  a  blow  and  is  ready  for  another  after  a 
short  interval  of  time,  while  a  50-ton  open-hearth  furnace  often  re- 
quires 10  hours  to  complete  the  conversion. 

iVature  of  m^enaZ*.— More  important  than  the  character  of  the 
plant  in  respect  to  the  cost  of  production  is  the  nature  of  the  materials  ~ 
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used.  This  is  true  especially  of  comparisons  between  acid  and  basic 
steel. 

While  moat  Bessemer  plants  use  chiefly  "  direct "  molten  metal 
from  the  blast  furnaces  and  only  "  Sunday"  iron  as  cold  metal,  there 
are  others  which,  from  time  to  time  at  least,  buy  a  considerable  por- 
tion from  other  pig-iron  makers.  On  this  account  there  are  consid- 
erable differences  in  the  quantity  and  cost  of  the  cupola  coke  required 
to  melt  the  cold  metal. 

The  cost  of  manganese  for  different  grades  of  ingots  varies  consid- 
erably. For  instance,  tlie  quantity  of  manganese  required  for  the 
production  of  rail  steel  is  much  greater  than  for  billet  steel. 

Comparing  the  Bessemer  and  basic  open-hearth  processes,  the  latter 
evidently  has  an  advantage  with  respect  to  the  price  of  the  pig  metal 
used  while,  generally  speaking,  the  scrap  for  the  basic  open  hearth 
is  cheaper  than  the  Bessemer  pig  iron  for  the  Bessemer  converter. 

Waste  of  process. — ^The  cost  of  steel  making  also  differs  between 
the  various  processes  on  account  of  differences  in  waste  of  mate- 
rial and  in  the  net  cost  of  this  waste.  This  brings  in  a  new  element 
in  cost  accounting,  which  applies  not  only  to  the  conversion  of  pig 
iron  into  steel,  but  also  to  the  transformation  of  steel  ingots  into 
rolled  products  or  the  transformation  of  one  type  of  rolled  product 
into  another  type.  A  general  explanation  of  the  nature  of  this  waste 
and  how  it  enters  into  cost  accounts  is  therefore  necessary. 

The  physical  character  of  waste  is  comparatively  simple.  When 
pig  iron  is  converted  into  steel  (or  one  steel  product  transformed  into 
another)  there  is  generally  a  loss  in  weight.  In  the  case  of  steel  pro- 
duction there  is  a  certain  percentage  of  the  iron  which  is  lost  in  the 
slag,  while  some  cinder  is  blown  from  the  converter  and  some  steel 
spilled  in  discharging  the  converter  or  open-hearth  furnace.  This 
may  amount  in  all  to  10  per  cent  of  the  metal  charged.  A  part  of 
this  waste  or  scrap,  however,  is  generally  recovered  and  can  be  used 
either  in  the  blast  furnace  or  in  the  cupola  or  open-hearth  furnace. 

It  will  be  seen,  therefore,  that  the  cost  of  waste  per  ton  necessarily 
varies  in  amount  with  the  variation  in  the  price  of  the  materials,  and 
it  is  evident  that  it  will  vary  also  with  variations  in  the  value  of  tiie 
scrap  recovered.    This  is  illustrated  by  the  two  following  examples: 
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The  net  cost  of  waste  is  the  difference  between  the  net  cost  o£  mate- 
rial per  ton  of  product  and  the  price  per  ton  of  the  material  used. 

While  the  above  examples  may  be  taken  as  illustrations  of  the  cost 
of  waste  in  the  conversion  of  pig  iron  into  steel,  it  should  be  under- 
stood that  similar  physical  conditions  with  respect  to  gross  waste 
and  recovery  of  scrap  are  found  for  many  products  of  iron  and  steel 
manufacture  for  which  the  preceding  illustrations  are  applicable  in 
principle. 

For  the  several  methods  of  making  steel  there  are  considerable 
differences  in  the  net  cost  of  waste,  depending  partly  upon  differ- 
ences in  physical  waste  and  partly  upon  differences  in  the  prices  of 
materia]  and  scrap,  respectively.  While  the  gross  physical  waste 
does  not  vary  much  between  the  several  processes,  there  is  a  consid- 
erable variation  in  the  percentage  of  scrap  recovered  and  also  in  the 
value  of  the  scrap  per  ton.  The  scrap  of  the  basic  open-hearth  plants 
has  a  higher  value  in  general  than  that  of  the  Bessemer  plants,  chiefly 
on  account  of  the  lower  phosphorus  content.  It  is  also  evident  that 
the  differences  in  the  average  prices  of  the  material  used  in  the  sev- 
eral processes  have  some  influence  on  the  cost  of  waste.  Thus,  the 
material  of  the  Bessemer  steel  plants  has  a  higher  average  price  than 
that  of  the  basic  open  hearth,  as  pig  iron  low  in  phosphorus  is  neces- 
sary for  the  former  process.  Some  of  these  factors  in  the  cost  of 
waste  obviously  work  in  opposite  directions. 

Section  2.  Book  coat  of  Beuemer  billet  ingots,  1902-1906. 
Bessemer  ingots  are  of  two  kinds,  namely,  Bessemer  billet  ingots 

and  Bessemer  rail  ingots.  Although  the  process  is  substantially  the 
i^ame,  there  is  a  considerable  difference  in  the  quality,  the  former  be- 
ing soft  steel  and  the  latter  hard  steel,  due  to  a  larger  percentage  of 
carbon.  The  total  Bessemer  ingot  production  of  the  United  States 
for  the  five-year  period  1902  to  1906  was  48,706,135  tons.  The  total 
production  of  Bessemer  ingots  for  which  the  costs  were  reported  to 
the  Bureau  during  this  period  was  48,586,761  tons,  or  99.8  per  cent  of 
the  total  production  of  the  United  States.  Of  the  quantity  reported, 
Bessemer  billet  ingots  comprised  29,099,783  tons,  or  69.9  per  cent. 

Nearly  all  Bessemer  steel  was  produced  from  "  direct  metal,"  i.  e., 
molten  pig  iron  direct  from  the  blaat  furnace.    In  some  cases,  how- 
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ever,  the  pig  iron  used  in  a  Bessemer  steel  plant  was  cold  iron,- either  i 
produced  at  the  furnace  while  the  steel  plant  was  not  in  operation, 
or  obtained  from  furnaces  located  elsewhere. 

The  cost  of  making  Bessemer  billet  ingots  depends  chiefly  on  the 
cost  of  the  pig  iron,  the  proportion  of  scrap  used  being  very  small. 
As  there  were  considerable  differences  in  the  cost  of  pig  iron  in  differ- 
ent districts,  it  naturally  follows  that  on  this  account  alone  there  were 
considerable  local  differences  in  the  cost  of  Bessemer  billet  ingots. 
Not  all  of  the  Bessemer  pig  iron  produced  in  a  given  district,  how- 
ever, was  used  for  Bessemer  billet  ingots,  some  being  used  for  rail 
ingots  and  some  for  other  purposes.  Largely  on  this  account,  but 
partly  also  for  the  reason  that  the  pig  iron  used  included  freight 
charges  as  well  as  transfer  profits  in  certain  cases,  the  average  cost 
of  Bessemer  pig  iron  in  a  given  district  did  not  exactly  indicate  the 
average  cost  of  the  pig  iron  used  in  that  district  for  the  production 
of  Bessemer  billet  ingots. 

The  connecting  links,  however,  between  the  Bessemer  pig-iron 
cost  sheet  and  the  Bessemer  billet-ingot  cost  sheet,  though  they  are 
very  imperfect  ones,  are  found  in  the  furnace  cost  of  Bessemer  pig 
iron  and  in  the  price  of  the  pig  iron  and  scrap  used  in  making  the 
ingots. 

The  annual  average  book  cost  of  Bessemer  billet  ingots  for  the 
five  years  1902  to  1906  and  the  average  cost  for  the  five-year  period 
by  districts  are  shown  in  the  two  tables  given  below. 

Subjoined  to  the  cost  statement  in  the  tables  are  certain  statistical 
data  respecting  the  prices  and  quantities  of  materials  used,  etc.,  which 
were  also  derived  fr«n  the  cost  sheets  and  are  of  importance  in 
analyzing  the  results  and  in  facilitating  a  comparison  between  the 
price  of  the  pig  inm  used  and  the  average  costs  of  pig  iron  previously 
shown. 
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The  total  production  of  Bessemer  billet  ingots  comprised  in  tlie 
foregoing  statement  ranged  from  4,728,114  tons  in  1903  to  7,377,591 
tons  in  1906,  From  1902  to  1903  there  was  a  decrease  in  output,  but 
from  1903  to  1906  the  output  showed  an  increase  in  each  year. 

This  total  production  was  distributed  in  the  five  districts,  as  fol- 
lows :  Pittsburgh  district,  35.4  per  cent ;  Valley  district,  21.6  per  cent; 
Wheeling  district,  18.6  per  cent;  Lake  Erie  district,  13.3  per  cent; 
and  the  Chicago  district,  11.1  per  cent. 

While  the  returns  to  the  Bureau  for  the  Eastern  district  showed  a 
considerable  production  of  Bessemer  pig  iron,  it  was  almost  all  used 
for  rail  ingots.  The  proportions  of  production  in  each  district  from 
year  to  year  were  substantially  the  same,  so  that  the  variaticms  in  the 
proportions  of  tonnage  for  the  several  districts  did  not  have  a  very 
important  influence  on  the  changes  in  the  average  cost  of  production 
from  year  to  year. 

Works  cost. — The  works  cost  of  Bessemer  billet  ingots  for  the  five- 
year  period  1902  to  1906  averaged  $16.64  per  ton,  and  ranged  from 
$15-56  in  1905  to  $18.14  in  1903.  The  principal  factor  in  this  varia- 
tion in  cost,  as  will  be  shown  below,  was  the  price  of  the  chief  raw 
material  used — pig  iron  and  scrap. 

The  average  works  costs  of  the  several  districts  for  the  five-year 
period  ranged  from  $16.08  in  the  Valley  district  to  $17.46  in  the 
Wheeling  district. 

Pig  iron  and  scrap. — The  raw  material  for  the  production  of  Bes- 
semer billet  ingots  was  chiefly  Bessemer  pig  iron,  the  proportion  of 
scrap  used  being  very  small.  The  cost  of  the  pig  iron  and  scrap,  to- 
gether with  the  cost  of  the  iron  in  the  ferromanganese  usedj  less  the 
value  of  the  scrap  recovered,  constituted  the  cost  of  the  pig  iron  and 
scrap  as  shown  in  the  cost  statement.  This  showed  an  average  cost 
per  ton  of  Bessemer  billet  ingots  of  $14.88  for  the  five-year  period 
and  ranged  from  $14.02  per  ton  in  1904  to  $16.10  in  1903.  The  cost 
in  1905  was  almost  as  low  a-s  in  1904,  namely,  $14.03. 

The  cost  of  the  pig  iron  and  scrap  depended,  of  course,  chiefly  on 
the  price  of  the  pig  iron  and  scrap  used,  which  averaged  $13.59  per 
ton  for  the  five-year  period,  and  ranged  from  $12.78  per  ton  in  1904 
to  $14.70  in  1903.  The  average  price  of  the  scrap  used  did  not  differ 
much  in  price  from  the  average  price  of  the  pig  iron  used. 

The  net  coat  of  waste,  determined  in  the  manner  already  described 
{see  pp.  134-135),  averaged  $1,29.  The  waste  was  the  highest  in  the 
year  1903  because  the  prices  of  both  pig  iron  and  scrap  used  were 
highest  in  that  year. 

The  average  price  of  the  pig  iron  and  scrap,  as  it  appears  in  this 
cost  statement,  was  to  a  very  large  extent  based  on  the  furnace  cost 
of  Bessemer  pig  iron  used.  As  already  stated,  the  quantity  of  scrap 
used  for  Bessemer  billet  ingots  was  very  small  and  the  price  was 
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about  the  same  ss  for  Bessemer  pig  iron.  As  most  compames  used 
their  own  Bessemer  pig  iron  and  generally  transferred  it  at  furnace 
cost,  the  average  price  was  similar  to  the  average  furnace  cost  of 
Bessemer  pig  iron.  Thus,  the  average  furnace  cost  of  Bessemer  pig 
iroD,  as  shown  in  the  preceding  chapter  (see  p.  88),  was  $13.26  per 
ton  for  the  five-year  period,  and  the  average  price  of  pig  iron  and 
scrap,  as  shown  in  this  cost  statement,  was  $13.59  per  ton  for  the 
same  period.    The  difference  was  $0.S3  per  ton. 

A  comparision  by  years  and  by  districts  of  average  prices  of  pig 
iron  and  scrap  used  in  making  Bessemer  billet  ingots  with  the  aver- 
age furnace  costs  of  Bessemer  pig  iron  (see  pp.  86-87)  would  show 
a  substantial  similarity. 

The  average  cost  of  pig  iron  and  scrap  for  the  several  districts  for 
the  five-year  average  ranged  from  $14.43  in  the  Valley  district  to 
$15.47  in  the  Wheeling  district.  The  decisive  factor  was,  of  course, 
the  price  of  pig  iron  and  scrap  used  which,  as  shown  above,  ranged 
from  $13.22  in  the  Valley  district  to  $14.10  in  the  Wheeling  district. 
Other  cost  factors — quantity  of  metal  used  and  quantity  and  value 
of  scrap  recovered— were  of  minor  influence.  The  greatest  quantity 
of  pig  iron  and  scrap  used  per  ton  of  product  was  in  the  Chicago 
di^rict.  The  highest  net  cost  of  waste  ($1.88)  likewise  was  in  this 
district,  notwithstanding  the  unusually  high  value  given  to  the  scrap 
recovered,  namely,  $11.45  per  ton. 

Manganese. — The  average  cost  of  manganese  used  in  making 
Bessemer  billet  ingots  for  the  fiv&-year  period  was  $0.81  per  ton  of 
ingots  and  ranged  from  $0.26  in  1904  to  ^.36  in  1906.  For  Bessemer 
l)illet  ingots  manganese  was  used  in  the  form  of 'spiegeleisen  and  fer- 
Fomanganese,  which  contain  varying  proportions  of  manganese  and 
pig  iron;  the  cost  of  the  manganese  as  charged  in  the  above  cost 
statement,  however,  included  the  manganese  only.  While  the  cost 
sheets  of  some  companies  included  spiegeleisen  and  ferromanganese 
in  the  total  charge  of  pig  iron  and  scrap  used,  the  component  items 
being  stated  separately,  it  is  desirable  to  show  the  manganese  in  the 
spiegeleisen  and  ferromanganese  as  a  separate  \iera.  Manganese  is 
an  expensive  commodity,  but  the  quantity  used  per  ton  of  steel  was 
small,  averaging  about  13  pounds,  though  varying  considerably  at 
different  times  and  places. 

For  the  several  districts  the  average  costs  of  manganese  per  ton 
of  ingots  for  the  five-year  period  ranged  fr<«n  $0.26  in  the  Valley 
district  to  $0.38  in  the  Chicago  district. 

LwnestoTie. — Small  quantities  of  limestone  were  used  in  connection 
with  the  remelting  of  pig  iron  and  scrap  in  cupola  furnaces.  The 
cost  per  ton  of  ingots  was  very  small,  averaging  only  $0.02  per  ton 
for  the  five-year  period. 
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Lahor. — Apart  from  the  raw  materials,  the  principal  item  of  ctfst 
in  the  production  of  Bessemer  billet  ingots  was  labcv.  This  averaged 
$0,57  per  ton  for  the  five-year  period,  and  ranged  from  $0.50  in  1905 
to  $0.68  in  1902.  The  annual  average  costs  for  this  item  showed  an 
almost  uninterrupted  decline  throughout  this  period,  although  the 
average  cost  in  1906  was  $0.01  higher  than  in  1905. 

The  average  labor  cost  for  the  five-year  period  by  districts  ranged 
from  $0,50  per  ton  of  ingots  for  the  Lake  Erie  district  to  $0.68  for 
the  Wheeling  district. 

One  factor  which  undoubtedly  influenced  the  labor  cost  was  the 
rate  of  wages,  but  the  effects  of  the  changes  in  wages  are  not  particu- 
larly evident  in  the  cost  statement,  because  several  other  factors  ex- 
isted also. 

The  other  factors  of  importance  were  (1)  the  volume  of  output, 
(2)  the  extent  of  use  of  hot  metal,  and  (8)  the  degree  to  which  labor- 
saving  devices  were  used.  That  there  was  a  decided  increase  in  the 
volume  of  output  in  the  last  three  years,  and  particularly  in  the  last 
two  years,  namely,  1905  and  1906,  is  evident  from  the  tonnages  in  the 
cost  statement.  Apparently,  with  respect  to  the  other  two  factors 
mentioned,  there  were  decided  improvements  in  the  conditions  of 
production  in  the  last  two  years  as  compared  with  the  first  two  years 
covered  by  the  table.  These  various  causes  all  operated  to  reduce 
costs  in  the  manner  indicated  both  for  the  production  as  a  whole 
and  for  the  districts  severally. 

The  characteristic  of  a  Bessemer  steel  plant  is  that  little  labor  is 
required  for  handling  materials,  as  the  quantities  of  metal  treated  in 
eadi  operation  are  large  and  extremely  heavy,  necessitating  the  use 
of  mechanical  methods.  Labor  is  chiefly  required  for  the  manage- 
ment of  the  mechanical  appliances.  Except  where  cold  metal  is 
charged  in  cupolas  there  is  httle  need  for  hand  labor. 

Other  items  of  works  cost. — ^Thefuel  used  for  Bessemer  billet  ingots 
was  chiefly  coke  required  for  melting  cold  pig  iron  in  the  cupola  fur- 
naces. This  expense  differed  greatly,  therefore,  according  as  a  plant 
was  run  chiefly  on  cold  metal  or  on  hot  metal  with  only  a  small  pro- 
portion of  cold  metal.  Where  hot  metal  was  generally  used,  there  was 
a  small  fuel  expense  also  for  oil  or  gas  in  connection  with  the  mixer. 

The  average  fuel  expense  for  the  five-year  period  was  $0.24 
per  ton  of  ingots  and  ranged  from  $0.21  in  1905  to  $0.31  in  1903. 
The  extremely  high  average  cost  in  1903  was  due  to  the  high  price  of 
coke  in  that  year  on  account  of  the  anthracite  coal  strike- 
There  were  great  differences  in  the  fuel  cost  for  different  districts, 
the  district  averages  for  the  five-year  period  ranging  from  $0.18 
per  ton  of  ingots  in  the  Pittsburgh  district  to  $0.33  in  the  Wheel- 
ing district  The  chief  cause  for  the  great  variation  in  the  aver-  1 
age  costs  for  districts  was  the  extent  to  which  hot  metal  was 
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nsed,  while  freight  rates  on  coke  had  a  secondary  influence.  The 
Kttshurgh  district  showed  an  extremely  low  average  cost,  because 

(1)  the  plants  reporting  worked  almost  entirely  with  hot  metal  and 

(2)  the  cost  of  the  coke  per  ton  was  low  on  account  of  the  low  freight 
rate  on  coke  from  Connellsville.  From  1904  to  1906,  inclusive,  the 
average  fuel  cost  in  the  Pittsburg  district  was  between  $0.14  and 
$0.15  per  ton  of  ingots.  In  the  Wheeling  district  it  rose  in  1908  to 
$0.47  per  ton.  For  individual  plants  the  extreme  variations  were 
naturally  very  much  greater. 

As  already  indicated,  the  chief  factor  in  determining  the  fuel  cost 
was  the  extent  to  which  hot  metal  was  used.  Plants  running  chiefly 
on  hot  metal  seldom  used,  however,  less  than  20  per  cent  cold  metal, 
and  seldom  required  less  than  50  pounds  of  coke  per  ton  of  ingots. 
Plants  running  on  cold  metal  entirely  and  using  ordinary  beehive 
coke  averaged  about  24.5  pounds  of  coke  per  ton  of  ingots. 

A  Bessemer  steel  plant  requires  power  to  provide  the  air  blast 
for  the  converters  and  for  the  operation  of  various  mechanical  appli- 
ances for  moving  the  equipment  and  materials.  The  steam  plant 
may  be  established  for  the  general  use  of  the  works,  a  part  only  of 
the  costs  of  operating  it  being  charged  to  the  Bessemer  plant.  The 
average  cost  of  steam  for  Bessemer  billet  ingots  for  the  five-year 
period  was  $0.15,  and  ranged  from  $0.11  per  ton  in  1905  to  $0.20  in 
1902  and  1903. 

"Molds"  are  the  forms  in  which  the  steel  is  cast;  they  are  oblong 
in  shape  without  a  fixed  bottom  or  top,  and  are  made  of  cast  ircm. 
They  rest  on  thick  plates  of  cast  iron  which  are  called  stools.  The 
molten  steel  is  poured  into  the  mold,  and  after  the  exterior  part  of 
the  ateel  has  becwne  sufficiently  hard  the  mold  is  lifted  and  the  ingot 
of  steel,  which  ia  still  extremely  hot  and  in  fact  molten  within,  is 
left  standing  on  the  stool.  The  molds  and  stools  do  not  last  long, 
both  on  account  of  the  heavy  wear  and  tear  wid  also  on  account  of 
frequent  great  changes  in  temperature,  and  when  condemned  they 
are  used  as  scrap  metal.  The  cost  of  molds  and  stools  is  the  cost 
of  the  new  molds  and  stools  less  the  credit  for  the  scrap  value  of  those 
condemned.  Ilie  average  cost  for  the  five-year  period  was  $0.15  per 
ton,  and  ranged  from  $0.13  in  1905  and  1906  to  $0.17  in  1902  and  1903. 
There  were  marked  differences  in  the  average  cost  of  molds  and  stools 
for  different  districts,  but  it  is  quite  likely  that  differences  in  account- 
ing methods  had  as  much  to  do  with  the  variations  as  essential  differ- 
ences in  cost. 

The  item  of  materials  in  repairs  and  maintenance  averaged  $0.09 
per  ton,  and  ranged  from  $0.07  in  1905  to  $0.12  in  1902.  The  varia- 
tion in  the  five-year  averages  for  the  several  districts  was  from  $0.06 
in  the  Lake  Erie  district  to  $0.11  in  the  Wheeling  district. 
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The  average  cost  of  supplies  and  tools  was  $0.10  per  ton,  and  ranged 
from  $0.09  in  1905  to  $0.12  in  1903.  A  eimilar  degree  of  Tariation 
is  found  for  the  several  districts  for  the  five-year  period,  namely, 
from  $0.08  for  the  Valley  district  to  $0.12  for  the  Chicago  district 

The  item  of  miscellaneous  and  general  works  expense,  as  in  the  case 
of  pig  iron,  consisted  largely  of  an  apportionment  of  general  costs  fw 
the  whole  plant,  such  as  light,  water,  office  expenses  at  the  works, 
etc.  (See  p.  18.)  The  average  cost  was  $0.13  per  ton.  For  the 
/ive-year  average  this  cost  ranged  from  $0.11  in  the  Lake  Erie  district  | 
to  $0.17  in  the  Chicago  district 

ADomoNAi.  cx»T. — In  the  profit  and  loss  accoonts  of  the  iron  andi 
steel  cMnpanies  proper,  pig  iron  was  the  first  product  to  be  coa- 
sidered,  and  the  additional  cost  was  prorated  according  to  the  scheme 
adopted  (see  p.  21)  on  the  basis  of  the  furnace  cost  of  the  pig  iron. 
In  the  case  of  ingots  the  same  principle  was  applied,  but  this  pro- 
cedure gives  results  which  require  some  explanation.  The  cost  of  the 
pig  iron  and  scrap  used  in  making  ingots  was  taken  as  the' cost  sheets 
showed  them,  which  was  generally  at  the  furnace  cost  (i.  e.,  before  th? 
additional  costs  had  been  added).  Hence  the  additional  costs  tended 
to  be  greater  for  ingots  than  for  pig  iron,  because  the  works  costs  of 
ingots  were  necessarily  greater.  This  makes  it  appear  as  if  an  undue 
proportion  of  additional  cost  was  allotted  to  the  ingots,  but  this  is  not 
really  the  case,  at  least  for  Bessemer  ingots,  because  the  real  addi- 
tional costs  per  ton  on  account  of  the  c<mversion  into  ingots  is  sub- 
stantially the  difference  between  the  additional  costs  per  ton  for  pi^ 
iron  and  the  additional  costs  per  ton  for  ingots.  In  other  words, 
the  additional  costs  for  ingots  are  the  cumulative  additions  for  pig 
iron  and  ingots.  This  should  be  so,  because  the  price  of  the  pig  iron 
and  scrap  used  in  making  the  ingots,  which  was,  generally  speaking, 
approximately  the  furnace  cost,  did  not  include  the  additional  cost 
for  pig  iron.  If  these  were  a  real  part  of  the  cost  of  pig  iron,  but  do 
not  appear  in  the  wwks  cost  of  ingots,  they  must  be  put  in  the  addi- 
tional cost  of  ingots,  together  with  such  additional  cost  as  may  be 
ai)portioned  to  the  steel  plant  for  the  conversion  of  pig  iron  into  steel. 
The  total  additional  cost  so  detained,  added  to  the  works  cost  of  the 
ingots,  gives  the  total  book  cost  of  the  ingots.  While  the  systan  fol- 
lowed was  more  or  less  arbitrary,  the  chief  advantage  was  that  the 
works  costs  of  ingots  were  left  in  the  form  in  which  they  were 
reported.  This  additional  cost  included  (1)  general  and  miscella- 
neous expense  and  (2)  depreciation. 

The  general  and  miscellaneous  expense,  as  apportioned  by  the 
Bureau,  averaged  $0.46  per  ton  of  Bessemer  billet  ingots  for  the  five- 
year  period  and  ranged  from  $0.35  in  1905  to  $0.58  in  1903  and 
1904,  Considered  by  districts  for  the  five-year  period  1902  to  1906, 
this  cost  ranged  from  $0.35  in  the  Wheeling  district  to  $0.77  in  the 
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Lake  Erie  district.  As  this  expense  depended  so  much  on  the  scope 
of  a  company's  activities  in  production  and  on  its  financial  manage- 
ment, no  special  relation  can  be  shown  between  the  varifltions  in  this 
Item  of  cost  and  the  conditions  of  production. 

The  depreciation  shown  in  the  profit  and  loss  accounts  of  the 
companies  as  apportioned  to  their  several  products  by  the  Bureau 
showed  an  average  cost  of  $0.46  per  ton  of  Bessemer  billet  ingots  for 
the  five-year  period,  with  a  range  from  $0.27  in  1904  to  $0.71  in 
1902.  Similar  wide  variations  are  found  for  the  several  districts 
for  the  five-year  average,  ranging  from  $0.26  for  the  Valley  district 
to  $0.86  for  the  Chicago  district.  The  average  cost  for  this  item 
must  be  regarded  as  quite  arbitrary.  It  should  be  remembered  that 
ihis  depreciation  item,  and  the  item  of  general  and  miscellaneous 
expense  are  cumulative  ones  and  embrace  substantially  the  corre- 
sponding expenses  added  to  the  furnace  cost  of  Bessemer  pig  iron. 

Total  book  cost. — ^The  total  book  cost  of  Bessemer  billet  ingots 
for  the  five-year  period  1902  to  1906  averaged  $17.56  per  ton  and 
ranged  from  $16.24  in  1905  to  $19.16  in  1903.  Tha  changes  in  costs 
from  year  to  year  were  similar  to  those  for  works  cost.  The  total  book 
cost  by  districts  for  the  five-year  average  ranged  from  $16.72  for 
the  Valley  district  to  $18.78  for  the  Chicago  district. 

It  should  not  be  forgotten  that  this  total  book  cost  includes  all 
transfer  profits  on  ore,  coke,  and  pig  iron  which  were  included  in  the 
prices  of  the  materials  used,  and  such  profits  accrued  in  a  large  part 
to  the  same  companies  or  interests  as  thorn  for  which  the  ingot  costtt 
are  stated. 

Section  3.  Book  cost  of  Bessemer  rail  ingots,  1902-1906. 

The  chief  difference  betwera  Bessraner  rail  ingots  and  Bessemer 
billet  ingots,  as  noted  above,  is  that  the  rail  ingots  contain  greater 
proportions  of  carbon  and  manganese  in  their  chemical  composition. 
It  may  be  noted  further  that  Bessemer  rail  ingots  were  produced  only 
at  very  large  plants,  and  the  average  proportion  of  hot  metal  used 
was  greater  than  for  Bessemer  billet  ingots. 

The  total  production  of  Bessemer  rail  ingots  in  the  United  States 
is  not  reported  sqwrately  from  Bessemer  billet  ingots;  but  the  total 
production  in  the  United  States  of  these  two  combined  was  48,706,135 
tons  in  the  five  years  1902  to  1906,  inclusive,  while  the  production  of 
the  companies  which  reported  was  48,586,761  tons,  or  99.8  per  cent 
of  the  total.  Of  this  quantity  of  Bessemer  ingots  reported,  19,486,- 
9T8  tons,  or  40.1  per  cent  were  Bessemer  rail  ingots. 

In  the  two  following  tables  book-cost  statements  are  given  (1)  for 
the  total  production  of  Bessemer  rail  ingots  by  years,  1902  to  1906, 
and  (2)  by  districts  for  the  five-year  period. 
77282°— 13 12 
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The  production  of  rail  ingots  reported  ranged  from  2,813,170  tons 
in  1904  to  4,878,540  tons  in  1906.  The  production  in  1902  was  3,807,- 
748  tons.  Wide  differences  in  annual  consumption  are  characteristic 
of  the  rail  trade,  and  therefore  of  the  manufacture  of  rail  ingots. 
Kailroads  are  not  likely  to  make  large  purchases  except  when  the 
general  conditions  of  trade  are  prosperous. 

For  the  five-year  period  1902  to  1906  the  several  districts  showed 
the  following  percentages  of  the  total  production :  Chicago  and  West- 
em,  26.3  per  cent;  Lake  Erie,  14.9  per  cent;  Valley,  6,6  per  cent; 
Pittsburgh,  22.4  per  cent ;  and  the  Eastern,  29.8  per  cent. 

Works  cost. — The  average  works  cost  of  BesRemer  rail  ingots  for 
the  five-year  period  was  $17.15,  and  ranged  from  $15.95  in  1904  to 
$18.29  in  1903.  These  wide  variations  in  works  cost  were  largely 
determined,  as  will  be  shown  below,  by  the  changes  in  the  price  of 
the  pig  iron  and  scrap  used. 

The  works  cost  of  Bessemer  rail  ingots,  by  districts,  for  the  five- 
year  period  ranged  from  $15.74  per  ton  for  the  Pittsburgh  district 
to  $18.69  for  the  Eastern  district  As  in  the  general  annual  varia- 
tions of  works  cost,  the  chief  factor  here  was  the  cost  of  the  pig  iron 
and  scrap  used,  although  differences  in  labor  cost  and  in  the  cost  of 
manganese  were  also  of  some  importance. 

Pig  iron  and  scrap. — The  proportion  of  scrap  was  generally  very 
small  in  the  Bessemer  process,  and  particularly  so  for  the  manufac- 
ture of  rail  ingots,  because  under  normal  conditions  all  steel  plants 
worked  with  hot  metal  obtained  directly  from  the  blast  furnaces 
with  a  small  proportion  of  Sunday  iron.  The  cost  of  the  pig  iron 
and  scrap  as  shown  in  the  cost  sheet  included  the  value  of  the  iron 
contained  in  the  spiegeleisen  and  ferromanganese.     The  average  cost 
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of  the  pig  iron  and  scrap  for  Bessemer  rail  ingots  for  the  five-year 
period  was  $14.84,  and  ranged  from  $13.70  in  1904  to  $15.89  in  1903. 

The  price  of  the  pig  iron  and  scrap  averaged  $13.69  per  ton,  and 
ranged  from  $12.60  in  1904  to  $14.67  in  1903.  These  prices  were 
practically  the  same  as  the  prices  of  pig  iron  alone,  as  the  quantities 
of  scrap  were  very  small  and  the  prices  of  the  scrap  used  did  not  vary 
widely  from  the  prices  of  pig  iron.  Furthermore,  the  quantity  of 
pig  iron  and  scrap  required  per  ton  of  ingots  was  quite  uniform,  aver- 
aging 2,461  pounds  for  the  five-year  period,  and  ranging  from  2,442 
pounds  in  1902  to  2,466  pounds  in  1905,  so  that  this  factor  had  little 
influence  on  the  cost  of  the  material  used.  The  credit  for  scrap  re- 
covered had  but  little  influence  on  the  differences  in  the  cost,  because 
tlie  quantities  recovered  were  comparatively  small,  averaging  45 
pounds  and  ranging  from  40  pounds  in  1906  to  55  pounds  in  1902. 
There  was  a  wide  variation,  however,  in  the  average  price  at  which 
the  scrap  was  credited,  averaging  $6.92  per  ton  and  ranging  from 
$4.73  in  1902  to  $9.29  in  1906. 

The  net  cost  of  waste,  determined  in  the  manner  already  described 
(see  p.  134) ,  was  $1.15  for  the  five-year  period  and  ranged  from  $1.09 
in  1902  to  $1.22  in  1903. 

The  average  prices  of  the  pig  iron  and  scrap  used  as  they  appear 
in  this  cost  statement  were  in  general  substantially  equivalent  to  the 
furnace  cost  of  the  pig  iron  used.  They  differed  therefrom  to  a 
slight  extent  for  several  reasons.  In  the  first  place  the  price  includes 
some  scrap  which  was  not  charged  at  exactly  the  same  prices  as  the 
pig  iron.  Secondly,  swne  of  the  pig  iron  was  purchased  and  the 
price  included  some  profit  above  furnace  cost,  and  also  some  freight. 
Where  the  pig  iron  used  was  direct  metal  it  was  never  transferred  at 
a  profit. 

A  comparison  of  the  average  prices  per  ton  of  pig  iron  and  scrap 
used  and  the  average  furnace  cost  per  ton  of  all  Bessemer  pig  irtai 
reported  would  show  a  substantial  similarity.     (See  pp.  86-87.) 

The  cost  of  the  pig  iron  and  scrap  for  the  several  districts  for  the 
five-year  average  ranged  from  $14.10  in  the  Pittsburgh  district  to 
$16.01  in  the  Eastern.  In  respect  to  these  differences  in  cost  of  pig 
iron  and  scrap,  as  in  respect  to  annual  differences,  the  decisive  factor 
was  the  price  of  the  pig  iron  and  scrap  used,  which  ranged  from 
$18.22  per  ton  in  the  Chicago  and  Western  district  to  $14.55  for  the 
Eastern  district.  The  price  of  pig  iron  and  scrap  in  the  Pittsburgh 
district,  namely,  $13,28,  was  nearly  as  low  as  in  the  Chicago  and 
Western  district.  The  other  factors — quantity  of  metal  used  and 
quantity  and  value  of  scrap  recovered — ^were  of  minor  influence.  In 
respect  to  the  last  two  factors,  namely,  quantity  and  value  of  scrap 
recovered,  the  variations  were  strikingly  large,  and  considerably 
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affected  the  cost  of  waste,  which  ranged  from  $0.82  for  the  Pitts- 
burgh district  to  $1.46  for  the  Eastern  district. 

The  average  price  of  the  pig  iron  and  scrap  for  the  several  dis- 
tricts was  approximately  the  furnace  cost  of  the  Bessemer  pig  iron 
used,  as  most  all  of  the  material  was  Bessemer  pig  iron  and  very 
little  of  it  was  transferred  at  a  profit  or  purchased  from  other  plants. 
Manffonese. — The  average  cost  of  manganese  used  for  Bessemer 
rail  ingots  for  the  five-year  period  was  $0.82  per  ttm  of  ingots,  and 
ranged  from  $0.74  in  1902  and  1905  to  $0.99  in  1906.  For  Bessemer 
rail  ingots  manganese  was  used  either  in  the  form  of  spiegeleisen, 
in  which  pig  iron  preponderates,  or  in  the  form  of  ferromanganese, 
in  which  manganese  preponderates;  only  the  cost  of  the  manganese, 
however,  is  comprised  in  this  item  in  the  cost  statement.  The  aver- 
age quantity  used  for  the  whole  five-year  period  was  about  29  pounds 
per  ton  of  ingots.  The  large  increase  in  cost  for  1906  was  due  to 
the  sudden  rise  in  the  price  of  manganese  ores,  which  was  largely  in 
consequence  of  disturbances  in  the  Caucasus,  the  chief  region  of  pro- 
duction. There  was  a  relatively  large  variation  in  the  costs  of  man- 
ganese for  the  different  districts  for  the  five-year  period,  the  costs 
ranging  from  $0.69  per  ton  in  the  Pittsburgh  and  Valley  districts  to 
$1.03  per  ton  in  the  Lake  Erie  district. 

Limesione.— The  quantity  of  limestone  required  for  Bessemer  rail 
ingots  was  very  small,  because  almost  all  the  pig  iron  used  was  direct 
metal  from  the  blast  furnaces.  The  average  for  the  five-year  period 
was  $0.01  per  ton  of  ingots,  and  did  not  vary  perceptibly  from  year 
to  year.  The  same  is  true  of  the  five-year  average  costs  for  the 
several  districts. 

Labor. — Next  to  the  raw  materials  (pig  iron  and  scrap  and  man- 
ganese) labor  was  the  most  important  item  in  the  works  cost  of 
Bessemer  rail  ingots.  The  average  cost  for  the  five-year  period  was 
$0.61  per  ton  of  ingota,  and  ranged  from  $0.57  per  ton  in  1905  and 
1906  to  $0.66  in  1902.  There  was  a  steadily  declining  tendency  in 
this  item  of  cost ;  this  was,  generally  speaking,  characteristic  of  the 
several  districts  also  from  year  to  year. 

The  influence  of  the  rate  of  wages  on  the  labor  cost  was  secondary. 
The  rates  of  wages  were  considerably  reduced  in  1904  but  nearly 
restored  to  the  fra-mer  level  in  1905,  and  quite  fully  in  1906.  While 
the  reduction  in  wages  in  1904  contributed  to  cause  a  reduction  in 
labor  cost  per  ton  in  that  year  (offsetting  a  decline  in  output),  the 
subsequent  advance  in  the  rate  of  wages  did  not  prevent  a  continu- 
ance of  the  decline  in  labor  cost.  It  is  apparent,  therefore,  that  other 
factors,  such  as  volume  of  output,  the  extent  to  which  hot  metal  was 
used,  and  the  application  of  labor-saving  appliances  had  a  controlling 
influence.  Differences  in  respect  to  these  circumstances  also  were 
the  chief  causes  for  differences  in  the  labor  costs  of  the  several  dis< 
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tricts.  For  the  several  districts  the  cost  for  the  five-year  average 
ranged  from  $0.44  in  the  Pittsburgh  district  to  $0.72  in  the  Eastern 
district. 

Other  items  of  works  cost. — Fuel  was  required  chiefly  in  the  form 
of  cote  for  melting  cold  pig  iron  and  scrap.  As  Mily  a  small  propor- 
tion of  cold  metal  (chiefly  Sunday  iron)  was  used  at  steel  works 
making  Bessem^  rail  ingots,  the  quantity  and  cost  of  the  fuel  re- 
quired was  comparatively  small.  For  the  five-year  period  the  average 
cost  was  $0,18  per  ton  of  ingots  and  ranged  from  $0.16  in  1904  to 
$0.21  in  1903.  The  relatively  high  cost  in  1903  was  due  to  the  high 
price  of  coke  in  that  year;  1904,  on  the  other  hand,  was  a  year  of 
low  coke  prices.  There  were  great  variations  in  the  fuel  cost  between 
the  several  districts;  the  lowest  cost  was  in  the  Pittsburgh  district, 
namely,  $0.05  per  ton  of  ingots,  and  the  highest  in  the  Lake  Erie 
district,  namely,  $0.27  per  ton.  These  differences  were  due  partly 
to  differences  in  the  proportion  of  direct  metal  used  and  partly  to 
differences  in  freight  on  Connellsville  coke.  The  Pittsburgh  district 
had  the  highest  percentage  of  hot  metal  as  well  as  the  lowest  freight 
rate  on  coke. 

Steam  is  used  for  producing  the  air  blasts  of  (he  converters  and 
cupola  furnaces,  as  well  as  for  power  to  operate  the  mechanical  appli- 
ances of  the  steel  works.  The  average  cost  was  $0.13  per  ton  of 
ingots,  and  ranged  from  $0.12  in  1906  to  $0.16  in  1904.  For  the 
several  districts  the  cost  of  steam  for  the  five-year  average  ranged 
from  $0.07  for  the  Pittsburgh  district  to  $0.25  for  the  Lake  Erie 
district. 

The  character  of  molds  and  stools  expense  has  been  explained  (see 
p.  141),  and  briefly  stated  consists  in  the  cost  of  the  molds  and  stools, 
less  the  credit  for  the  worn-out  ones,  which  are  used  as  scrap.  The 
average  cost  was  $0.12  per  ton  of  ingots,  the  average  cost  from  year 
to  year  showing  no  perceptible  variation.  By  districts,  however,  the 
variation  was  considerable,  and  ranged  from  $0.10  in  the  Chicago 
and  Western  and  Pittsburgh  districts  to  $0.19  in  the  Valley  district. 

The  cost  of  the  item  of  materials  in  repairs  and  maintenance  was 
$0.13  per  ton  of  Bessemer  rail  ingots,  and  ranged  from  $0.10  per  ton 
in  1905  to  $0.15  in  1902  and  1903.  The  average  costs  for  the  several 
districts  showed  wide  variations,  namely,  from  $0.05  per  ton  in  the 
Pittsburgh  district  to  $0.20  per  ton  in  the  Eastern  district. 

The  average  cost  of  supplies  and  tools  was  $0.14  per  ton  of  ingots, 
and  ranged  from  $0.13  per  ton  in  1903  to  $0.15  in  1906.  Much 
greater  variations  appeared  for  the  several  districts,  the  range  being 
from  $0.08  per  ton  in  the  Valley  district  to  $0.19  in  the  Eastern 
district. 

The  item  of  miscellaneous  and  general  works  expense  showed  an 
average  cost  of  $0,17  per  ton  of  Bessemer  rail  ingots,  with  small 
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variations  by  years,  although  the  district  costs  for  the  five-year 
period  varied  ccwisiderably. 

Additionai.  cost, — ^UndOT  this  caption  were  included  the  various 
items  of  expense  found  in  the  profit  and  loss  accounts,  which  are 
attributed  to  the  cost  of  products  and  apportioned  thereto  by  the 
Bureau  in  the  manner  elsewhere  described,  (See  pp,  20-21.)  These 
items  are  grouped  as  follows:  (1)  General  and  miscellaneous  ex- 
pense; (2)  depreciation. 

The  item  of  general  and  miscellaneous  expense  averaged  $0.50  for 
the  five-year  period,  and  ranged  from  $0.38  in  1905  to  $0.67  in  1904. 
Considered  by  districts  for  the  five-year  average,  it  ranged  fr«n 
$0.32  for  the  Eastern  district  to  $0,78  for  the  Chicago  and  Western 
district  This  expense  had  little  demonstrable  relation  to  technical 
conditions  of  production,  but  was  largely  dependent  on  the  policy  of 
the  financial  management  and  the  methods  of  bookkeeping. 

The  depreciation  found  in  the  profit  and  loss  accounts  of  the  re- 
spective oHnpaniee  and  apportioned  by  the  Bureau  to  the  cost  of 
Bessemer  rail  ingots  averaged  $0.55  per  ton  for  the  five-year  period, 
and  ranged  from  $0.32  per  ton  in  1904  to  $0.79  in  1902.  For  the 
several  districts  this  item  for  the  five-year  average  ranged  from 
$0.37  for  the  Lake  Erie  district  to  $0.80  for  the  Chicago  and  West- 
em  district.  For  this  item  also  the  technical  conditions  of  pro- 
duction had  little  demonstrable  significance,  and  the  large  variations 
sliown  are  to  be  explained  almost  entirely  on  grounds  of  financial 
pohcy.  The  relatively  low  depreciation  in  1904  was  undoubtedly  due 
to  the  fact  that  it  was  a  bad  year  and  the  a>mpanies  did  not  make 
sufficient  profits  to  provide  such  large  depreciation  charges  as  in  other 
years.  Not  only,  therefore,  was  the  original  depreciation  highly  arbi- 
trary, but  its  allocation  to  particular  products  by  the  Bureau,  al- 
though made  according  to  a  fixed  rule,  was  necessarily  arbitrary 
also. 

It  should  be  remembered  that  the  depreciation  item  and  the  item 
of  general  and  miscellaneous  expense,  are,  in  effect,  cumulative 
additions  for  both  Bess»ner  pig  iron  and  Bessemer  rail  ingots. 
(See  pp,  142-143.) 

Total  book  cost, — ^The  total  book  cost  of  Bessemer  rail  ingots  for 
the  five-year  period  1902  to  1906  averaged  $18,20,  and  ranged  from 
$16.94  in  1904  to  $19,46  in  1903,  The  movement  of  this  cost  frran 
year  to  year  was  nearly  parallel  to  that  of  works  cost.  Considered 
by  districts,  the  five-year  average  of  total  book  cost  ranged  from 
$16,51  in  the  Kttsburgh  district  to  $19.57  in  the  Eastern  district. 

This  total  book  cost  includes  a  large  amount  of  profit  arising  from 
the  transfer  of  materials — ore  and  coke — at  prices  above  the  actual 
cost  of  production,  the  profits  of  whidi  accrued  to  the  same  companies 
or  interests  as  those  for  which  the  ingot  costs  are  stated. 
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Section  4.  Book  cost  of  buio  open-hearth  ii^ots,  1902-1906. 

While  at  the  present  time  more  than  half  of  the  steel  produced  in 
the  Unued  States  is  made  by  the  open-hearth  process,  during  the  five- 
year  period  1902  to  1906  this  process  was  distinctly  subordinate  to  the 
Bessemer  process.  According  to  the  reportis  of  the  American  Iron 
and  St«el  Association  the  total  production  of  basic  open-hearth  steel 
ingots  in  the  United  States  from  1902  to  1906,  inclusive,  was 
.'!0,946,392  tons.  The  total  quantity  of  basic  open-hearth  steel  pro- 
duced during  this  same  period  for  which  cost  reports  were  made  to 
the  Bureau  was  24,731,706  tons,  or  79.9  per  cent  of  the  tot^  produc- 
tion of  the  United  States.  The  proportJOTi  of  the  total  production  of 
basic  open-hearth  ingots  covered  by  the  returns  to  the  Bureau  was 
very  much  smaller  than  for  Bessemer  steel,  tiie  reason  being  that  the 
application  of  tiiis  process  was  much  wider  and  was  often  employed 
by  comparatively  small  cc«npanies.  While  the  Bureau's  returns  com- 
prised practically  all  of  the  large  companies  besides  numerous  small 
ones,  there  were  a  good  many  minor  concerns  which  were  not  covered 
by  the  investigation,  particularly  a  considerable  number  of  con- 
cerns which  were  engaged  in  the  production  of  special  lines  of  steel 
products,  the  costs  of  which  were  regarded  as  being  outside  of  the 
scope  of  this  investigation. 

The  material  used  for  making  basic  open-hearth  steel,  as  already 
explained,  was  basic  pig  iron  and  scrap,  and  basic  pig  iron  was  pro- 
duced in  all  the  districts  which  made  this  kind  of  steel.  The  costs 
of  producing  basic  open-hearth  steel  naturally  varied  considerably 
on  account  of  the  local  diflferences  in  the  coat  of  producing  basic 
pig  iron  and  also  on  account  of  differences  in  the  average  prices  of 
scrap  in  the  several  localities. 

The  pig  iron  used  was  generally,  though  not  always,  charged  to 
the  steel  works  at  furnace  cost.  However,  the  average  cost  of  basic 
pig  iron,  either  for  the  total  tonnage  under  consideration  or  for  a 
particular  year  or  district,  does  not  apply  to  exactly  the  same  quan- 
tities as  that  used  in  making  the  particular  tonnages  of  steel  covered 
by  the  cost  statements.  Furthermore,  the  raw  material  used  in  mak- 
ing basic  open-hearth  steel  comprised  a  large  proportion  of  scrap 
and  some  purchased  pig  iron  for  which  the  prices  were  naturally  dif- 
ferent from  the  furnace  costs  of  basic  pig  iron.  For  these  reasons, 
therefore,  the  furnace  cost  of  basic  pig  ircsi  does  not  corresp<md 
closely  with  the  price  of  the  pig  iron  and  scrap  used.  Nevertheless, 
the  connecting  linlis  between  the  pig  iron  costs  and  the  open-hearth 
steel  cost  are  the  furnace  cost  of  basic  pig  iron  and  the  price  of  the 
pig  iron  and  scrap  used  in  making  ingots. 

The  annual  average  book  costs  of  basic  open-hearth  ingots  for  the 
five-year  period   1902  to   1906  for  all  districts  combined  and  the 
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average  book  costs  by  districts  for  the  five  years   1902   to   1906, 
inclusive,  are  shown  in  the  two  blowing  tables: 
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TiBLB  M.— AVEHAOK  BOOK  COST  OP  BASIC  OPEN-HEARTB  INOOTS,  BTC. 
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The  production  of  basic  open-hearth  ingots  reported  ranged  from 
3,438,638  tons  in  1902  to  7,549,032  tons  in  1906,  showing  an  uninter- 
rupted increase,  which  was  particularly  large  in  the  last  two  years. 

Although  there  were  considerable  variations  in  the  percentages  of 
the  total  production  for  the  several  districts  from  year  to  year,  yet 
they  were  not  of  sufficient  importance  to  exercise  a  marked  influence 
on  the  movement  of  the  general  average  cost  from  year  to  year. 

Works  cost. — The  total  average  works  cost  of  basic  open-hearth 
ingots  for  the  five-year  period  was  $17.41  per  ton  and  ranged  from 
$15.91  in  1904  to  $19.25  in  1903.  The  controlling  factor  in  the  varia- 
tion of  cost,  as  will  be  shown  below,  was  the  average  price  of  the  pig 
iron  and  scrap  used,  the  year  of  maximum  price  corresponding  to  the 
year  of  maximum  works  cost  and  the  year  of  minimum  price  to  the 
year  of  minimum  works  cost. 

The  works  cost  of  the  several  districts  ranged  from  $16,25  for  the 
Pittsburgh  district  to  $20.35  for  the  Eastern  district. 

Pig  iron  and  scrap.— The  principal  raw  materials  for  the  produc- 
tion of  basic  open-hearth  ingots  were  basic  pig  iron  and  scrap. 
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For  the  five-year  period  the  total  production  of  such  ingots  re- 
ported was  24,731,706  tons,  as  already  stated;  for  these  ingots  the 
total  quantity  of  pig  iron  and  scrap  used  was  27,367,475  tons.  Of 
this  total  13,118,208  tons,  or  47.9  per  cent,  was  pig  iron,  and  the 
remainder  was  ccanposed  of  scrap,  scale,  atui  ore.  The  production 
o£  basic  pig  iron  reported  by  the  same  companies  for  the  same  period 
was  9,573,539  tons ;  the  difference,  which  amounted  to  about  27  per 
cent  of  the  total  pig  iron  used,  was  chiefiy  purchased  from  other 
basic  pig  iron  producers,  althou^  some  of  it  may  have  consisted  of 
other  grades  of  pig  iron,  such  as  Bessemer,  which  could  also  be  used, 
although  not  so  ectmomically. 

The  scrap  used  averaged  50.2  per  cent,  with  an  annual  average  from 
48.9  per  cent  to  52.9  per  cent.  Lai^  proportions  of  scrap  were  used 
not  only  because  the  price  was  generally  lower  than  for  basic  pig  iron, 
but  also  because  the  process  of  manufacture  generally  applied  re- 
quired scrap  as  well  as  pig  iron.  Many  kinds  of  scrap  are  available 
for  the  basic  open-hearth  furnace  which  can  not  be  used  in  the  acid 
processes,  either  Bessemer  or  open  hearth,  so  that  the  price  of  the 
scrap  for  the  basic  process  is  generally  lower. 

Some  ore  was  also  used  in  the  mixture,  the  quantities  varying  very 
greatly  among  the  various  plants  according  to  the  process  used.  For 
the  ordinary  open-hearth  process  it  rarely  exceeded  4  per  cent  and 
generally  was  much  lower. 

The  average  cost  of  the  pig  iron  and  scrap  for  basic  open-hearth 
ingots  for  the  five-year  period  was  $14.13  per  ton  and  ranged  from 
$12.71  in  1904  to  $16.57  in  1903.  The  controlling  factor  in  this  item 
of  cost  was  the  average  price  of  the  pig  iron  and  scrap  used,  which 
ranged  from  $11.80  per  ton  in  1904  to  $14.68  per  ton  in  1903. 

There  was  not  very  much  variation  in  the  avwage  quantity  of  pig 
iron  and  scrap  used  per  ton  of  ingots.  The  average  quantity  used 
per  ton  of  basic  open-hearth  ingots  for  the  five-year  period  was  2,480 
pounds  and  ranged  from  2,450  pounds  in  1903  to  2,489  pounds  in 
1904  and  1906.  Taking  the  maximum  difference  in  quantity  and  the 
maximum  price  of  1903  as  a  basis,  the  maximum  effect  of  this  element 
on  cost  was  only  $0.26  per  ton  of  ingots. 

Although  there  were  also  considerable  differences  in  the  quantities 
and  prices  of  the  scrap  recovered,  these  factors  had  only  a  slight 
influence  on  the  cost  of  the  pig  iron  and  scrap  used.  The  average  net 
cost  of  waste  was  $0.95  per  ton  of  basic  open-hearth  ingots  and  ranged 
from  $0.87  per  ton  in  1902  to  $1.02  in  1906.  The  maximum  difference 
in  the  net  cost  of  waste,  therefore,  was  only  $0,15  per  ton  of  ingots, 
while  the  maximum  difference  in  the  average  price  of  pig  iron  and 
scrap  was  $2.88  per  ton. 

The  average  price  of  the  pig  iron  and  scrap  used  is  the  nearest 
connecting  link  with  the  furnace  cost  of  ba.sic  pig  iron,  but  a  close  cor- 
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respondence  between  the  two  can  not  be  expected  for  various  reasons; 
(1)  The  scrap  used  had  a  different  price  from  the  basic  pig  iron  and 
constituted  about  one-half  of  the  total  quantity  of  the  mixture;  (2)  a 
considerable  portion  of  the  basic  pig  iron  used  was  purchased  and  the 
price  thereof  included  a  profit  over  the  furnace  cost,  while  sotne  of 
the  basic  pig  iron  made  by  the  same  company  was  transferred  to  the 
open-hearth  steel  plant  at  a  profit;  (3)  the  districts,  and  also  the 
tonnages,  for  which  the  average  costs  of  basic  pig  iron  are  shown,  were 
not  exactly  the  same  as  those  which  are  embraced  in  the  cost  state- 
ment for  basic  open-hearth  ingots.  For  these  reasons  a  comparison 
of  the  price  of  pig  iron  and  scrap  used  with  the  furnace  cost  of  basic 
pig  iron  is  not  very  satisfactory. 

The  cost  of  the  pig  iron  and  scrap  by  districts  for  the  five-year 
period  showed  wide  variations,  and  ranged  from  $12,74  per  ton  of 
ingots  in  the  Southern  district  to  $15.95  in  the  Wheeling  district. 
Of  the  districts  working  with  pig  iron  from  IJake  ore,  the  lowest 
cost  for  this  item  was  for  the  Pittsburgh  district,  namely,  $13.68  per 
ton  of  ingots. 

The  chief  factor  in  these  variations  was  the  price  of  the  pig  iron 
and  scrap  used,  although  the  quantity  required  and  the  quantity  and 
value  of  the  scrap  recovered  had  some  influence  also.  These  various 
factors  combined  caused  considerable  differences  in  the  net  cost  of 
waste  which  for  the  five-year  period  ranged  from  $0.81  per  ton  of 
basic  open-hearth  ingots  in  the  Lake  Erie  district  to  $1.61  per  ton 
in  the  Wheeling  district.  The  net  cost  of  waste  for  the  Eastern 
district  was  only  $0.83  per  ton,  due  chiefly  to  the  unusually  high 
value  given  to  the  scrap  recovered.  The  high  cost  of  the  Wheeling 
district  was  due  partly  to  tiie  very  large  quantity  of  pig  iron  and 
scrap  required  and  partly  to  the  low  value  allowed  for  the  scrap  re- 
covered. The  net  cost  of  waste  was  high  also  for  the  Southern  dis- 
trict for  the  same  reasons;  in  fact,  the  quantity  required  was  even 
greater  than  for  the  Wheeling  district,  but  this  was  partly  offset  by 
the  fact  that  the  price  of  the  pig  iron  and  scrap  was  considerably 
lower.  The  large  quantity  of  pig  iron  and  scrap  required  in  the 
Southern  district  was  due  chiefly,  of  course,  to  the  use  of  the  duplex 
process  which  tended  to  greatly  increase  the  quantity  of  the  material 
waste.  A  district  comparison  of  the  furnace  costs  of  basic  pig  iron 
and  the  prices  of  pig  iron  and  scrap  is  not  very  satisfactory,  for  the 
reasons  stated  above. 

Manganese.~~The  average  cost  of  manganese  was  $0.34  per  ton  of 
basic  open-hearth  ingots  for  the  five-year  period,  and  ranged  from 
$0.29  in  1904  to  $0.40  in  1906.  The  manganese  was  used  generally 
in  the  form  of  ferromanganese.  This  cost  item  included  also  similar 
additions  of  other  metals  such  as  aluminum,  intended  to  give  special 
quality  to  the  steel.     The  approximate  average  quantities  used  for 
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the  several  years  were  10  pounds  per  ton  of  ingots  in  1902  and  1906 
and  11  pounds  in  the  other  three  years.  While  other  recarburizers. 
Buch  as  anthracite  coal  and  coke,  were  also  used  to  some  extent  they 
are  not  included  in  the  quantities  given  above. 

There  was  a  marked  rise  in  the  price  of  manganese  in  1906  which 
was  reflected  in  the  unusually  high  cost  in  that  year.  lliiB  was  chiefly 
due,  as  already  noted,  to  the  dist«ders  in  the  Caucasus,  which  is  one 
of  the  most  important  producing  districts  for  manganese  ores. 

There  were  much  more  marked  variations  in  the  cost  of  the  man- 
ganese by  districts;  for  the  five-year  period  its  average  cost  per  ton 
of  basic  open-hearth  ingots  ranged  frmn  $0.27  in  the  Chicago  and 
Western  <^8trict  to  $0.65  in  the  Southern  district.  The  cost  next 
highest  to  that  of  liie  Southran  district,  howpver,  was  only  $0.40 
per  ton.  The  extremely  high  cost  for  the  Southern  district  is  partly 
explained  by  the  fact  that  the  steel  produced  was  chiefly  used  for 
making  rails. 

Limestone. — This  is  a  raw  material  of  some  importance  in  the 
basic  open-hearth  process.  (See  p.  132.)  The  average  cost  for  the 
five-year  period  was  $0.18  per  ton  of  ingots,  and  ranged  from  $0.15 
per  ton  in  1902  to  $0.21  in  1903.  By  districts  for  the  five-year  period 
the  average  costs  per  ton  ranged  from  $0.11  in  the  Pittsburgh  district 
to  $0.41  in  the  Eastern  district.  The  avu^ige  quantity  used  per  ton 
of  ingots  was  about  185  pounds. 

Laior. — ^Next  to  the  cost  of  the  metal  used,  the  most  important 
item  for  basic  open-hearth  ingota  was  labor.  The  average  cost  for  the 
five-year  period  was  $0.92  per  ton,  and  ranged  from  $0.87  per  ton  in 
1905  and  1906  to  $1.06  in  1902. 

The  average  labor  cost  by  districts  for  the  five-year  period  ranged 
from  $0.77  in  the  Valley  district  to  $1.98  in  the  Southern  district 
Differences  in  the  average  character  of  plant  and  equipment  in  the 
several  districts  furnish  the  chief  explanation  for  these  diflerences 
in  labor  cost.  Particularly  it  should  be  noted  that  in  the  Southern 
district  basic  open-hearth  ingots  were  chiefly  produced  by  the  duplex 
process  (see  p.  132) ,  which  consists  in  putting  the  metal  through  the 
Bessemer  converter  before  treating  it  in  the  open-hearth  furnace. 
The  labor  costs  of  the  Bessemer  plant  are  in  this  manner  added  to  the 
labor  costs  of  the  open-hearth  works,  although  the  time  that  the 
metal  must  remain  in  the  opoi-hearth  furnace  is  shortened  thereby. 

Local  differences  in  the  rates  of  wages  were  a  minor  factor  ap- 
parently in  the  average  labor  cost  of  the  several  districts.  Wages 
appear  to  have  been  higher  in  the  Pittsburgh  and  the  Chicago  and 
Western  districts  than  in  the  Eastern  district,  while  they  were  lowest 
of  all  in  the  Southern  district,  which  nevertheless  had  the  highest 
labor  cost  per  t<ai  of  ingots  for  the  reasons  stated  above. 
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Otlier  items  of  works  coat. — ^The  average  cost  of  fuel  for  the  five- 
year  pwiod  was  $0.70  per  ton  of  basic  open-hearth  ingots,  and  ranged 
from  $0.67  in  1904  and  1905  to  $0.80  in  1903.  The  cost  of  fuel  for 
the  several  districts  for  the  five-year  average  ranged  from  $0.46  per 
ton  of  ingots  in  the  Pittsburgh  district  to  $1.23  per  ton  in  the  Chicago 
and  Western  district 

T})e  fuel  used  was  chiefly  coal  for  the  making  of  producer  gas,  but 
natural  gas  was  used  to  a  considerable  extent  and  in  some  cases  oil. 
There  were  considerable  variations  in  the  quantity  of  fuel  necessary, 
depending  on  whether  the  pig  iron  charged  in  the  open-hearth 
furnace  was  c(dd  or  molten  metal.  The  high  fuel  cost  in  1903,  how- 
ever, was  undoubtedly  due  largely  to  the  unusually  high  prices  of 
coal  in  that  year.  The  extraordinarily  low  cost  for  the  Pittsburgh 
district  is  explained  by  the  low  price  of  coal  and  the  extensive  use  of 
natural  gas. 

The  cost  of  steam  was  a  comparatively  small  item  in  producing 
basic  open-hearth  ingots,  because  the  power  required  was  chiefly  for 
handling  materials  and  product.  The  average  cost  for  the  five-year 
period  was  $0.04  per  ton  of  ingots. 

The  item  of  molds  and  stools  is  of  the  same  character  for  open- 
hearth  ingots  as  for  Bessaner  ingots.  (See  p.  141).  The  average 
cost  was  $0,16  per  ton  of  basic  open-hearth  ingots,  and  ranged  from 
$0.14  per  ton  in  1902  to  $0.18  in  1903.  For  the  five-year  average  by 
districts  this  cost  raided  from  $0.10  per  ton  in  the  Chicago  and 
Western  district  to  $0.38  per  ton  in  the  Southern  district 

The  average  cost  of  materials  in  repairs  and  maintenance  was  $0.23    \ 
per  ton  of  basic  open-hearth  ingots,  and  ranged  from  $0.30  per  ton 
in  1902  to  $0.19  per  ton  in  1906.    The  average  cost  by  districts  ranged 
from  $0.15  per  ton  in  the  Pittsburgh  district  to  $0.90  per  ton  in  the 
Southern  district. 

The  average  cost  of  supplies  and  tools  was  $0.28  per  ton  of  basic 
open-hearth  ingots,  and  ranged  from  $0.25  per  ton  in  1905  to  $0.32 
per  ton  in  1902.  This  cost  by  districts  for  the  five-year  average 
ranged  from  $0.23  per  ton  in  the  Pittsburgh  district  to  $0.43  per  ton 
in  the  Eastern  district. 

The  average  cost  of  miscellaneous  and  general  works  expense  was 
$0.21  per  ton  of  basic  oj)en-hearth  ingots,  and  ranged  from  $0.19  per 
ton  in  1902  to  $0,24  in  1903.  The  average  cost  for  the  five-year  period, 
by  districts,  ranged  from  $0.17  per  ton  in  the  Pittsburg  district  to 
$0.37  per  ton  in  the  Southern  district. 

The  rebuilding- fund  provision  is  similar  to  the  relining  and  re- 
newals of  the  blast-furnace  cost  statement  (see  p.  98) ;  it  is  a  special 
provision  for  relining  or  rebuilding  open-hearth  furnaces.  The  aver- 
age cost  was  $0.22  per  ton  of  basic  open-hearth  ingots,  and  ranged 
from  $0.18  in  1902  to  $0.28  vx  ld03,    The  five-year  average  coats  1^    ; 
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districts  ranged  tram  $0.11  per  ton  in  the  Wheeling  district  to  $0.50 
per  ton  in  the  Southern  district 

ADnmoNAn  oobt. — The  additional  costs  were  derived  from  the 
profit  and  loss  accounts  of  the  companies  reporting,  and  are  of  a 
similar  description  to  those  for  other  kinds  of  ingots  already  dis- 
cussed, cMisisting  of  general  and  miscellaneous  expense  and  deprecia- 
tion. 

The  rule  adopted  for  allocating  these  additional  items  of  cost  to 
the  several  products  is  obviously  an  arbitrary  one,  and  its  short-  ' 
comings  are  perhaps  most  mariiedly  evident  in  the  case  of  open- 
hearth  ingots,  where  large  percentages  of  scrap  were  used,  of  which  a 
large  part  was  bou^t  from  outsiders.  As  the  additional  cost  was 
computed  on  the  baEds  of  the  total  works  coet  of  the  ingots,  the 
amount  of  expense  for  scrap  had  an  important  part  in  determining 
this  additional  cost. 

The  average  of  the  item  of  general  and  miscellaneous  exp^ise  for 
the  five-year  period  was  $0.42  per  ton  of  basic  open-hearth  ingots, 
and  ranged  from  $0.31  per  ton  in  1&05  to  $0.55  in  1903.  By  districts, 
fca"  the  five-year  period,  this  cost  ranged  from  $0.15  per  ton  for  the 
Southern  district  to  $0.69  per  ton  for  the  Chicago  and  Western  and 
the  Lake  Erie  districts. 

The  cost  of  depreciation  for  basic  open-hearth  ingots  for  the  five- 
year  period  was  $0.37  per  ton,  and  ranged  from  $0.23  per  ton  in 
1904  to  $0.60  in  1902.  For  the  five-year  average  by  districts  this 
item  of  cost  ranged  from  no  charge  whatever  in  the  Southern  district 
to  $0.71  per  ton  in  the  Chicago  and  Western  district.  On  account 
of  the  character  of  these  depreciation  charges,  as  well  as  the  more 
or  less  arbitrary  system  of  apportionment  necessarily  adopted  by 
Uie  Bureau,  little  significance  can  be  attached  to  these  variations. 
It  should  be  noted,  as  explained  elsewhere,  that  the  items  of  general 
vxd  miscellaneous  expense  and  depreciation  are  cumulative. 

Total  book  cost. — ^The  total  book  cost  of  basic  open-hearth  ingots 
for  the  five-year  period  1902  to  1906  was  $18.20  per  ton,  and  ranged 
from  $16.64  per  ton  in  1904  to  $20.23  per  ton  in  1903.  The  relative 
costs  from  year  to  year  were  substantially  the  same  as  for  works  cost. 
The  total  book  cost,  by  districts,  for  the  five-year  average,  ranged 
from  $16.94  per  ton  in  the  Pittsburgh  district  to  $21.41  per  ton  in  the 
Eastern  district.  These  total  book  costs  include  various  profits  made 
on  the  transfer  of  materials  used  therein,  at  one  stage  of  manufacture 
or  another,  accruing  to  the  same  companies  or  interests,  so  that  they 
are  not  the  absolute  net  costs  of  production  for  the  ccmcems  producing 
Uiem. 

In  a  large  number  of  the  separate  items  the  costs  for  the  Pitts- 
buift^  district  averaged  lower  than  for  any  other  district.  This 
highly  favoinble  showing  of  the  Pittsburgh  district  was  due  largely, 
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of  course,  first,  to  the  excellence  of  the  principal  open-hearth  steel 
works  of  timt  district  in  point  of  equipment  and  management,  and 
second,  to  the  fact  that  it  had  an  enormous  t^mnage.  The  latter  cir- 
cumstance, particularly  for  items  such  as  labor,  steam,  repairs,  sup- 
plies and  tools,  and  general  works  expense,  (ended  sbongly  to  reduce 
the  rate  of  expense  per  ton. 

The  Southern  district  made  a  showing  which  in  many  respects 
was  unfavorable,  although  largely  OHnpfflisated  for  by  the  very  low 
cost  of  pig  iron,  as  well  as  a  low  fuel  cost.  For  the  remaining  iteme 
of  works  cost  the  Southern  district  showed  the  highest  ctwt  in  all 
cases  buf  two,  namely,  limestone  and  supplies  and  tools.  This  situa- 
tion is  partly  to  be  explained,  of  course,  by  the  circumstance  repeatr 
edly  referred  to,  namely,  that  a  large  part  of  the  steel  tonnage  of 
this  district  iwas  produced  by  the  duplex  process. 

Section  5.  Boob  cost  of  acid  open-hearth  ii^^ots,  1902-1906. 

Of  the  ordinary  grades  of  steel,  which  are  covered  by  this  report, 
acid  open-hearth  steel  was  the  least  important  with  respect  to  the 
quantity  produced.  The  chief  reason  for  this  is  that  the  Bessemrer 
process  is  a  much  cheaper  method  of  transforming  pig  iron  of  low 
phosphorus  content  into  steel.  The  applicati<m  of  the  acid  open- 
hearth  process  appeared  to  be  chiefly  dependent  on  whether  (1)  acid 
steel  of  special  quality  and  homogeneity  was  desired,  or  (2)  only  small 
quantities  of  acid  steel  were  required,  for  which  it  was  equally  eco- 
ncMnical  to  employ  an  acid  open-hearth  furnace  with  the  use  of 
Bessemer  pig  iron  and  scrap.  This  was  likely  to  be  the  case  particu- 
larly for  plants  which  had  no  blast  furnaces  and  which  must  there- 
fore purchase  the  pig  iron  used.  In  this  case  there  was  often  a 
decided  advantage  in  adopting  a  process  which  utilized  scrap  instead 
of  pig  iron  for  a  large  proportion  of  the  metallic  mixture. 

The  acid  open-hearth  process  for  these  reasons  was  of  subordinate 
importance  and  has  not  tended  to  increase  greatly.  The  total  pro- 
duction of  acid  open-hearth  ingots  for  the  United  SttU.es  from  1902 
to  1906,  inclusive,  was  4,113,711  tons,  as  cranpared  with  30,946,399 
tons  of  basic  open-hearth  ingots.  The  total  production  of  acid  open- 
hearth  ingots,  for  which  the  costs  were  reported  to  the  Bureau  for 
the  same  period,  was  1,909,542  trais,  or  46.4  per  cent  of  the  total 
production  of  the  United  States.  The  proportion  of  the  total  pro- 
duction covered  by  the  cost  returns  made  to  the  Bureau  was  much 
lower  than  for  the  other  grades  of  steel.  This  was  a  consequence  of 
the  facts  already  pointed  out  (see  p.  150),  namely,  that  the  Bureau 
did  not  seek  to  obtain  information  from  concerns  chiefly  engaged 
in  the  production  of  steel  and  products  of  steel  of  special  quality 
(such  as  ordnance,  tool  steel,  etc.).  The  production  of  acid  open- 
hearth  steel  for  which  cost  statements  were  obtained  was  distributed 
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principally  in  three  districts,  namely,  Lake  Erie,  Pittsburgh,  and 
Eastern,  the  great  bulk  of  it  being  in  the  last  two  mentioned. 

The  annual  average  book  costs  of  acid  open-hearth  ingots  for  the 
five-year  period  1902  to  1906  for  all  districts  combined  and  the 
average  book  costs  by  districts  for  the  five  years  1902  to  1906  inclu- 
^ve,  are  shown  in  the  two  following  tables : 
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The  production  of  acid  open-hearth  ingots  reported  ranged  from 
275,324  tons  in  1904  to  468,717  tons  in  1906.  The  production  from 
year  to  year  fluctuated  with  the  general  movement  of  the  iron  trade- 

WoRKS  COST, — The  average  works  cost  of  acid  open-hearth  ingots 
for  the  five-year  period  was  $20.24  per  ton  and  ranged  from  $18.03  in 
1905  to  $23.01  in  1903,  The  controlling  factor  in  these  variations  was 
the  price  of  the  pig  iron  and  scrap  used. 

The  Lake  Erie  district  showed  the  lowest  works  cost,  namely, 
$18.46,  and  the  Eastern  district  the  highest,  namely,  $22.57.  The 
principal  causes  for  this  difference  were  in  the  average  prices  of  the 
pig  iron  and  scrap  used,  cost  of  labor  and  fuel. 

Piff  iron  and  scrap. — The  average  cost  of  the  pig  iron  and  scrap 
used  for  the  total  tonnage  was  $16.55  per  ton  of  acid  open-hearth 
ingots  for  the  five-year  period  and  ranged  from  $14.87  in  1904  and 
1905  to  $18.99  in  1903.  The  proportion  of  scrap  used  was  very  large, 
averaging  76  per  cent  for  the  total  production  and  ranging  from  70 
per  cent  in  1902  to  78  per  cent  in  1906;  the  remainder  consisted  of 
Bessemer  pig  iron.  The  controlling  factor  in  the  cost  of  the  pig 
iron  and  scrap  was  the  average  price  of  the  pig  iron  and  scrap  used, 
which  averaged  $15,37  for  the  total  production  and  ranged  from 
$13.84  in  1904  to  $17.65  in  1903.  The  gross  quantities  used  and  the 
quantities  and  values  of  the  scrap  recovered,  the  details  of  which  are 
^own  in  Table  35,  also  had  some  influence.     The  net  cost  of  waste 
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averaged  $1.18  and  ranged  from  $0.96  in  1905  to  $1.34  in  1902  and 
1903. 

The  average  price  of  the  pig  iron  and  scrap  used  does  not  corre- 
spond very  closely  to  the  average  furnace  cost  of  Bessemer  pig  iron, 
for  the  reason  that  Bessemer  pig  iron  constituted  only  25  per  cent  of 
the  total  metal  used. 

Considered  by  districte,  the  average  cost  of  pig  iron  and  scrap  was 
SI4.70  for  the  Lake  Erie  district,  $15.95  for  the  Pittsburgh  district, 
and  $17,73  for  the  Eastern  district.  Here  also  the  controlling  factor 
was  the  average  prices  of  the  pig  iron  and  scrap  used,  which  were 
$14.05,  $14.65,  and  $16.62  per  ton,  respectively.  There  were  large 
(differences  also  in  the  average  quantities  of  pig  iron  and  scrap  used 
nnd  in  the  quantities  and  price  of  scrap  recovered,  but  these  to  some 
extent  offset  each  other.  The  net  cost  of  waste  was  $0.65  per  ton  for 
the  Lake  Erie  district,  $1.30  per  ton  for  the  Pittsburgh  district,  and 
Sill  per  ton  for  the  Eastern  district. 

Manganese. — ^The  average  cost  of  manganese  was  $0.55  per  ton  of 
acid  open-hearth  ingots  and  ranged  from  $0.41  in  1905  to  $0.60  in 
1303  and  1906.  The  manganese  used  averaged  about  18  pounds  per 
ton  of  ingots.  For  the  five-year  period  the  average  cost  of  man- 
ganese was  very  high  for  the  Lake  Erie  district,  namely,  $1.07  per 
ton,  as  against  $0.64  per  ton  for  the  Eastern  district  and  only  $0.40 
for  the  Pittsburgh  district  These  differences  were  probably  due 
largely  to  differences  in  the  average  quality  of  the  steel  produced. 

Labor. — ^The  labor  cost  for  producing  acid  open-hearth  ingots  aver- 
aged $1.03  per  ton  for  the  five-year  period  and  ranged  from  $0.95  per 
Ion  in  1904  to  $1.24  in  1902.  There  was  a  very  sudden  decline  in  this 
item  in  1903,  namely,  $0.25  per  ton,  but  after  that  there  was  not  much 
variation.  The  high  average  labor  cost  in  1902  was  due  to  an  extraor- 
ilinarily  high  cost  in  the  Eastern  district  ($1.53)  and  a  relatively 
large  percentage  of  production  from  that  district. 

The  average  labor  cost  for  the  Eastern  district  was  relatively  high, 
namely,  $1.32  per  ton  for  the  five-year  period;  this  compares  with 
Jfl.80  per  ton  for  the  Iiake  Erie  district  and  $0.83  per  ton  for  the 
Pittsburgh  district. 

Other  items  of  works  coat. — ^The  average  cost  of  fuel  for  acid  open- 
hearth  ingots  for  the  five-year  period  was  $0,90  per  ton  and  ranged 
from  $0.84  per  ton  in  1905  to  $1.01  in  1903.  The  relatively  high 
cost  in  1903  was  undoubtedly  due  to  the  unusually  high  prices  of 
coal  in  that  year.  Of  the  specified  districts  the  Pittsburgh  district 
showed  the  lowest  fuel  cost  for  the  five-year  period,  namely,  $0.53 
per  ton,  and  the  Eastern  district  the  highest,  $1.29  per  ton.  One 
reason  for  the  lower  cost  of  the  Pittsburgh  district  was  undoubtedly 
tile  extensive  use  of  natural  gas.    Crude  oil  was  also  used  in  connec- 
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tion  with  coiil,  the  price  of  oil  used  being  generally  between  3J  and  3 
cents  per  gallon. 

The  average  cost  of  steam  was  $0.04  per  ton  of  acid  open-hearth  in- 
gots and  ranged  from  $0.03  in  1905  and  1906  to  $0.07  in  1902.  The 
lower  costs  in  the  last  two  years  were  largely  due  probably  to  the 
increase  in  tonnage.  By  districts  for  the  five-year  period  the  Pitts- 
burgh district  again  showed  the  lowest  cost,  namely,  $0.02  per  ton. 

The  average  cost  of  molds  and  stools  was  $0.20  per  ton  of  acid 
open-hearth  ingots  and  ranged  from  $0.13  per  ton  in  1905  to  $0.28 
in  1902.  For  the  five-year  period  the  average  for  the  Lake  Erie  dis- 
trict was  $0.11  per  ton,  for  the  Eastern  district  $0.18  per  ton,  and  for 
the  Pittsburgh  district  $0.23  per  ton. 

The  average  cost  of  materials  in  repairs  and  maintenance  was  $0.25 
per  ton  of  acid  open-hearth  ingots  and  ranged  from  $0.17  per  ton  in 
1905  to  $0.38  in  1902.  This  was  largely  on  account  of  the  very  high 
cost  in  the  Eastern  district,  which,  for  the  five-year  period,  averaged 
$0.43  per  ton  as  compared  with  $0.10  per  ton  and  $0.12  per  ton  for 
the  Lake  Erie  and  the  Pittsburgh  districts,  respectively. 

The  average  cost  of  supplies  and  tools  was  $0.30  per  ton  of  acid 
open-hearth  ingots  and  ranged  from  $0.26  per  ton  in  1905  to  $0.37 
in  1903.  For  the  five-year  period  the  average  cost  by  districts  ranged 
from  $0.18  per  ton  to  $0.40  per  ton. 

The  miscellaneous  and  general  works  expense  averaged  $0.30  x>er 
ton  of  acid  open-hearth  ingots  and  ranged  from  $0.24  per  ton  in  190fi 
to  $0.39  in  1902.  The  range  by  districts  for  the  five-year  period  was 
from  $0.21  per  ton  in  the  Pittsburgh  district  to  $0.42  per  ton  in  the 
Eastern  district. 

The  average  cost  on  account  of  the  rebuilding  provision  was  $0.12 
per  ton  of  acid  open-hearth  ingots  and  ranged  from  $0.11  per  ton  in 
1905  to  $0.14  in  1904.  For  the  five-year  period  the  average  for  the 
Eastern  district  was  $0.08  per  ton,  for  the  Pittsburgh  district  $0.14 
per  ton,  and  for  the  Ijake'Erie  district  $0.26  per  ton. 

Adoitional  cost. — ^These  items,  as  in  previous  cases,  were  derived 
from  the  profit  and  loss  accounts  of  the  several  companies  reporting, 
comprising  general  and  miscellaneous  expense  and  depreciation.  The 
objection  noted  under  basic  ingots  relative  to  the  apportionment  of 
these  additional  costs  applies  to  acid  ingots  even  to  a  greater  extent, 
as  a  relatively  larger  percentage  of  scrap  was  used.     (See  p.  157.) 

The  average  additional  general  and  miscellaneous  expense  was 
$0.66  per  ton  of  acid  open-hearth  ingots  and  ranged  from  $0.62  per 
ton  in  1905  to  $0.86  in  1903.  For  the  five-year  period  the  Lake  Erie 
district  showed  a  cost  of  $0.91  per  ton,  the  Pittsburgh  district  $0.66 
per  ton,  and  the  Eastern  district  $0.63  per  ton. 

The  additional  depreciation  from  the  profit  and  loss  accounts  as 
allotted  by  the  Bureau  to  acid  open-hearth  ingots  averaged  $0,55  per 
ton  and  ranged  from  $0.28  in  1904  to  $1.02  in  1902.  The  Pittsburgh 
district  for  the  five-year  period  had  the  lowest  average  depreciatioo 
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charge,  namely,  $0.43  per  ton,  as  compared  with  an  arerage  charge  of 
$0.64  for  the  Sastem  district,  and  $0.71  for  the  Lake  Erie  district. 
The  somewhat  arbitrary  character  of  these  charges  and  the  effect  of 
the  method  of  allocating  them  adopted  by  the  Bureau  have  been 
already  explained  in  detail.  (See  pp.  20-21.)  It  should  be  particu- 
larly noted  that  the  item  of  depreciation  and  the  item  of  general  and 
miscellaneous  expense  are  of  a  cumulative  character.  (See  pp.  142- 
143.) 

ToTAi.  BOOK  COST. — ^The  total  book  cost  of  acid  open-hearth  ingot& 
for  the  five-year  period  1902  to  1906  was  $21.45  per  ton  and  ranged 
from  $18.95  per  ton  in  1905  to  ^.48  in  1903.  The  movement  of 
costs  from  year  to  year  was  largely  determined  by  the  price  of  the 
chief  raw  materials  and  was  closely  parallel  to  the  movement  of 
works  cost.  For  the  five-year  period  the  Pittsburgh  district  showed 
the  lowest  total  book  cost,  namely,  $19.81,  although  the  works  cost 
for  tlie  Lake  Erie  district  was  slightiy  lower  than  for  the  Pittsburgh 
district.  The  Eastern  district  on  account  of  the  high  cost  of  materials 
had  the  highest  total  book  cost  as  well  as  the  highest  works  cost. 

The  total  book  costs  given  above  include  certain  profits  on  mate- 
rials used  at  one  stage  or  another  of  manufacture  which  accrued  in 
part  to  the  companies  producing  these  ingots,  so  that  the  total  book 
costs  are  not  net  costs. 

Section  6.  Comparison  of  book  coats  of  Beuemer  billet  and  rail  ingots, 
1902-1906. 

As  Bessemer  biUet  and  rail  ingots  are  similar  with  respect  to  the 
materials  used  and  to  the  process  of  manufacture,  their  costs  are 
naturally  very  nearly  the  same  in  any  given  locality.  There  are, 
however,  certain  minor  differences  in  cost  which  make  it  worth 
while  to  compare  them.  The  cost  of  the  total  production  reported 
for  each  kind  of  ingots  gives,  of  course,  the  most  comprehensive 
bssis  of  comparison,  but  inasmuch  as  local  conditions  are  of  consid- 
erable importance  with  respect  to  raw  materials  and  certain  other 
items  of  cost,  and  as  the  output  of  each  kind  did  not  have  the  same 
ge(^;raphical  distribution — some  districts  producing  billet  ingots  but 
no  rail  ingots,  and  vice  versa — to  say  nothing  of  the  proportions  of 
each  kind  in  the  several  districts,  it  is  evident  that  particular  local 
comparisons  are  more  instructive  than  comparisons  for  the  total 
production. 

The  most  advantageous  and  representative  local  grouping  is  a 
combination  of  the  results  of  the  Lake  Erie,  Valley,  and  Pittsburgh 
districts  in  each  case.  These  districts  were  all  using  substantially 
the  same  raw  materials  and  working  under  very  similar  conditions. 
For  the  five-year  period  1902  to  1906  the  combined  production  re- 
ported of  Bessemer  rail  ingots  in  this  group  of  districts  was  8,551,534 
ions,  of  which  33.8  per  cent  was  from  the  Lake  Erie  district,  15.1 
per  cent  from  the  Valley  district,  and  51:1  per  cent  from  the  Pitts- 
burgh district.    Similarly,  for  the  same  period,  the  combined  produc- 


■A'Oo^lc 


164 


THE  8TEBL  INDUSTST. 


tion  reported  of  Bessemer  billet  ingots  was  20,430,037  tons,  of  which 
18.9  per  cent  was  from  the  Lake  Erie  district,  30.7  per  cent  from  the 
Valley  district,  and  50.4  per  cent  from  the  Pittsburgh  district.  This  i 
grouping  of  districts  is  the  most  satisfactory  one  practicable  and  com- 
parisons on  this  basis  are  of  more  utility  than  for  the  total  output  of 
each  class  of  ingots. 

The  following  table  gives  a  comparison  of  the  boc^  costs  of  produc- 
tion of  Bessemer  billet  and  rail  ingots  for  the  five-year  period  1902 
to  1906,  both  for  the  total  production  reported  and  also  for  the  com- 
bined output  of  the  Lake  Erie,  Valley,  and  Pittsburgh  districts: 

TablK  37.— comparison  OF  BOOS  COSTS  OF  BKS8EMER  BILLET  AND  RAIL  INOOTH 
FOR  THB  TOTAL  REPORTED  PRODUCTION  AND  FOR  SEI/8CTED  M8TRICTB,  FIVB 
YEARS,  ItlS-im.  ^^ 
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In  commenting  on  these  comparisons  it  will  be  sufficient  to  consider 
the  items  for  the  Lake  Erie,  Valley,  and  Pittsburgh  group  of  districts 
only.  Hence,  unless  the  total  average  costs  are  specifically  referred 
to,  it  should  be  understood  that  this  particular  group  of  districts  is 
meant. 

The  works  cost  of  Bessemer  ingots  for  the  specified  districts  for  the 
five-year  period  1902  to  1906  showed  an  average  of  $16.33  per  ton  for 
billet  ingots  and  $16.44  per  ton  for  rail  ingots.    The  cost  of  the  rail 
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ingots  exceeded  thftt  of  the  billet  ingots  chiefly  oa  account  of  the 
greater  quantity  of  mang&uese  used ;  offsetting  factors  were  the  lower 
price  of  the  pig  iron  and  scrap  used,  but  in  a  more  important  degree 
the  smaller  net  cost  of  waste. 

The  difference  in  the  average  price  of  the  pig  iron  and  scrap  was 
only  $0.04  per  ton.  To  make  a  toa  of  rail  ingots,  however,  only 
2,436  pounds  were  used  mi  the  average  as  compared  with  2,486 
pounds  for  a  ton  of  billet  ingots.  This  was  probably  due  to  the 
fact  that  direct  metal  from  the  blast  furnaces  was  more  largely  used 
for  rail  ingots,  and  hence  the  loss  from  remelting  in  cupola  furnaces 
was  smaller.  The  quantity  of  scrap  recovered  per  ton  of  ingots  was 
practically  the  same,  but  there  was  a  large  difference  in  price  in  favor 
of  the  billet  ingots.  This  fact  did  not  depend  on  necessary  technical 
conditions  but  was  due  largely  to  arbitrary  bookkeeping  valuations. 
The  net  cost  of  waste  for  the  rail  ingots  was  only  $0.99  per  ton  as 
compared  with  $1,24  for  the  billet  ingots,  a  difference  of  $0.25  per 
ton.  This  accounts  for  nearly  all  the  difference  in  the  costs  of  the 
pig  iron  and  scrap,  which  was  $0.29  per  ton,  the  remainder  being 
due,  of  course,  to  the  difference  in  the  price  of  the  material.  It 
appears,  therefore,  that  with  the  raw  material  at  substantially  the 
same  price  the  cost  of  pig  iron  and  scrap  was  lower  for  rail  ingots 
than  for  billet  ingots. 

The  cost  of  manganese,  as  already  noted,  was  much  higher  for 
rail  ingots,  amounting  to  $0.80  per  ton  as  compared  with  $0.32  per 
ton  for  billet  ingots,  a  difference  of  $0.48  per  ton.  This  was  due  to 
the  fact  that  rail  ingots  required  a  greater  quantity  of  manganese 
than  billet  ingots. 

The  labor  costs  in  making  these  two  kinds  of  ingots  were  practi- 
cally the  same,  being  $0.51  per  ton  for  rail  ingots  and  $0.53  per  ton 
for  billet  ingots. 

The  fuel  cost  of  rail  ingots,  namely,  $0.15  per  ton,  was  lower  than 
for  billet  ingots,  namely,  $0.21  per  ton,  chiefly  because  direct  metal 
was  more  largely  used  for  making  the  former,  thus  reducing  the  coke 
requirements  for  the  cupola  furnaces. 

The  remaining  items  of  works  cost  show  no  substantial  differences, 
and  need  not  be  considered  in  detail ;  several  of  them  were  identical. 

The  total  book  cost  of  billet  ingots  was  a  little  lower  than  for 
rail  ingots  for  this  particular  group  of  districts  during  the  five-year 
period,  the  billet  ingots  costing  $17.21  and  the  rail  ingots  $17.28,  a 
difference  of  $0.07  in  favor  of  billet  ingots. 

Section  7.  Compariion  of  book  cotti  of  Bessemer  billet  ingots  and  basic 
open-hearth  ingots,  1902-1906. 
For  a  comparison  of  costs  of  the  Bessemer  and  open-hearth  proc- 
esses the  costs  of  Bessemer  billet  ingots  and  basic  open-hearth  ingots 
were  selected,  not  only  because  the  tonnages  of  these  two  kinds  of 
ingots  were  the  greatest,  but  also  because  these  two  kinds  of  ingots 
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were  the  ones  that  chiefly  competed  with  each  other  is  the  crude  j 
matfirial  ioc  the  general  nin  of  conunerci&l  steel  prodocts.  | 

While  from  a  certain  point  of  view  it  is  quite  proper  to  compare  i 
the  results  of  these  two  processes  in  genovl — that  is  to  say,  for  all  ! 
districts  for  the  five-year  period — such  a  compariton  is  considerably 
affected  by  the  different  degrees  to  which  the  two  processes  were 
applied  in  different  districts  and  in  different  years.    On  this  account 
there  is  a  distinct  advantage  from  the  standpoint  of  the  inherent  dif-  , 
ferences  in  the  two  processes  to  make  compariscms  for  particular  dis-   ! 
tricts  for  the  period  1902  to  1906.    In  selecting  a  particular  district 
the  choice  would  naturally  fall  on  that  which  is  representative  of  the 
best  results  as  well  as  characterized  by  a  lai^e  tonnage.    In  this  re- 
spect the  Pittsburgh  district  was  preeminent  with  respect  to  both  of 
these  kinds  of  ingots. 

The  following  table  shows  the  average  book  costs  of  both  Bessemer   I 
billet  ingots  and  basic  open-hearth  ingots  for  the  Pittsburgh  district, 
and  for  all  districts  c<Hnbined,  for  the  five-year  period  1902  to  1906: 

Tabu  W.—AVERAOE  BOOK  COSTS  OT  BESSEXBR  BILLET  AND  BASIC  OrBN-HBABTH 
TNOOTB  rOB  THE  FITTSBUBaH  DISTRICT  AND  ALL  DISTRICTS,  ITVX  TEARS, 
IMQ-UOt. 
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As  shown  in  the  preceding  table,  the  total  reported  production  of 
Bessemer  billet  ingots  for  the  five-year  period  1002  to  1906  was 
29,099,783  tons  and  of  basic  open-hearth  ingots  24,731,706  tons  for 
the  same  period.  The  total  tonnages  in  each  instance  were  very 
large,  but  a  more  important  question  is  whether  they  were  distrib- 
aied  in  like  manner  between  the  several  producing  districts  and  in 
similar  proportions  from  year  to  year.  The  cost  data  show  that 
the  course  of  production  was  not  in  exactly  parallel  lines.  Further- 
more, it  should  be  noted  that  Bessemer  billet  ingots  were  not  pro- 
duced in  some  of  the  districts  in  which  basic  open-hearth  ingots  were 
produced,  namely,  in  the  Eastern  and  Southern  districts.  For  these 
reasons  general  comparisons  are  made  by  taking  a  single  district. 

The  Pittsburgh  district  was  the  most  important  one  for  the  pro- 
duction of  both  kinds  of  ingots.  The  production  of  Bessemer  billet 
ingots  in  this  district  during  the  five-year  period  1902  to  1906  was 
10,287,890  tons,  while  the  production  of  basic  open-heartii  ingots  iu 
the  same  district  and  for  the  same  period  was  13,945,149  tons.  The 
production  of  each  kind  of  ingots  for  each  year  of  this  five-year 
period  1902  to  1906  was  considerable  also. 

In  the  following  comparison  reference  will  be  made  only  to  the 
figures  for  the  Pittsbui^h  district  for  the  five-year  period. 

The  works  cost  of  Bessemer  billet  ingots  for  the  I^ttsburgh  dis- 
trict for  the  five-year  period  averaged  $16.54,  as  against  $16.25  for 
the  basic  open-hearth  ingots,  showing  a  difference  of  $0.29  per  ton 
in  favor  of  basic  ingots.  While  the  basic  open-hearth  ingots  had  a 
substantial  advantage  in  the  cost  of  pig  iron  and  scrap  ($1.16),  this 
was  largely  offset  by  a  hi^er  cost  for  fuel,  limestcoie,  labor,  and  the 
additional  expense  of  relining  the  open-hearth  furnaces.  In  other 
words,  the  basic  open-hearth  process  had  the  advantage  of  cheaper 
pig  iron  and  scrap  and  the  disadvuitage  of  a  higher  cost  above 
material. 

The  cost  of  the  pig  iron  and  scrap  was  $14.84  per  ton  of  Bessemer 
hillet  ingots  and  $13.68  per  ton  of  basic  open-hearth  ingots.  The 
difference  correc^onded  to  a  normal  relation  depending  principally 
(1)  on  the  higher  furnace  cost  of  Bessemer  pig  iron  as  compared 
with  basic  pig  iron,  (2)  on  the  use  of  a  much  larger  proportion  of 
scrap  for  the  basic  open-hearth  process  at  prices  which  were  generally 
lower  than  the  prices  of  Bessemer  pig  iron,  and  (3)  on  Uie  lower 
value  of  the  scrap  recovered  in  the  Bessemer  process. 

The  gross  quantity  of  pig  iron  and  scrap  used  was  about  the  same 
in  each  case,  namely,  2,490  pounds  for  Bessemer  billet  ingots  and 
2,481  pounds  for  basic  open-hearth  ingots.  The  quantity  of  scrap 
recovered  in  the  former  process,  however,  was  considerably  less  than 
in  the  latter  and  had  also  a  lower  value.  For  this  reason  the  credit 
for  scrap  was  much  less,  the  total  net  cost  of  the  waste  being  $1.26 
per  ton  for  Bessemer  billet  ingots,  as  against  $0.87  for  baaic  opeo- 
heartii  ingots. 

i.,,iP,M-,i.Googlc 


168  TEE  STBSL  INDUSTBT. 

There  was  not  much  difference  in  the  cost  of  manganese,  as  the 
steel  made  wae  intended  generally  for  similar  purposes. 

In  limestone  the  Bessemer  process  showed  a  decided  advantage 
over  the  basic  open-hearth  process,  the  costs  per  ton  of  ingots  being 
$0.02  and  $0.11,  respectively.  The  Bessemer  process  requires  lime- 
stone in  the  cupola  furnaces,  but  the  amount  was  small  in  the  Pitts- 
bui^h  district,  where  a  very  large  proportion  of  hot  metal  was  used. 
The  basic  open-hearth  process,  on  tiie  other  band,  required,  as  shown 
above,  a  considerable  quantity  of  this  fluxing  material  for  dephos- 
phorizing the  metal  charged. 

An  important  advantage  of  the  Bessemer  process  was  in  respect 
to  labor,  the  costs  of  this  item  being  $0.54  per  ton  for  Bessemer  billet 
ingots  and  $0.78  for  basic  open-hearth  ingots,  a  difference  of  $0.24. 
The  chief  reason  for  this  difference  is  that  the  Bessemer  process  is 
more  adapted  to  the  use  of  mechanical  methods. 

In  fuel  the  Bessemer  process  showed  a  decided  advantage  over  the 
open-hearth  process,  the  costs  per  ton  of  ingots  being  $0.18  and  $0.46, 
respectively.  The  Bessemer  process  required  little  fuel,  because  hot 
metal  was  generally  used  in  the  Pittsburgh  district,  while  the  opeu- 
hearth  process  necessarily  used  considerable  fuel  in  the  form  of 
producer  gas. 

In  respect  to  the  cost  of  steam,  the  Bessemer  process  was  at  a  dis- 
advantage as  compared  with  the  basic  open-hearUi  process,  the  costs 
of  steam  per  ton  for  Bessemer  billet  ingots  being  $0.13  and  only 
$0.03  per  ton  for  basic  open-hearth.  The  most  important  circum- 
stances to  be  noted  here  are  that  the  Bessemer  process  requires  an  air 
blast  both  for  the  converter  and  for  the  cupola  furnaces,  for  whiA 
there  is  no  corresponding  requirement  in  the  open-hearth  plant. 

The  only  other  item  of  importance  is  the  open-hearth  rebuilding 
fund,  which  amounted  to  $0.17  per  ton.  The  Bessemer  converter 
lasts  a  very  long  time,  and  the  frequent  expense  for  reiining  it  is 
covered  by  repairs,  while  open-hearth  furnaces  must  be  rebuilt  from 
time  to  time. 

For  nearly  all  of  the  expenses  of  conversion  the  open-hearth  process 
was  at  a  distinct  disadvantage  compared  with  the  Bessemer  process. 
This  was  partly  due  to  more  elaborate  plant  and  equipment  necessary 
compared  with  the  tonnage  produced.  Thus  the  cost  above  material 
(i.  e.,  works  cost,  exclusive  of  the  cost  of  pig  iron  and  scrap  and 
manganese)  was  much  higher  for  the  basic  open-hearth  ingots,  being 
$2.24  per  ton  as  against  $1.36  per  ton  for  Bessemer  billet  ingots. 

The  higher  cos*  above  material  for  basic  open-hearth  ingots  was 
more  than  offset  by  lower  cost  of  pig  irwi  and  scrap,  resulting  in  a 
works  cost  of  $16.25  per  ton  for  basic  open-hearth  ingots,  as  against 
$16.54  [>er  ton  for  Bessemer  billet  ingots.  Adding  to  the  works  cost 
the  additional  costs  of  general  expense  and  depreciation  gives  a  total 
book  cost  of  $16.94  per  ton  for  basic  open-hearth  ingots,  as  compared 
with  $17.37  per  ton  for  Bessemer  billet  ingots. 
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It  mast  be  borne  in  minii  that  for  most  producers  of  Bessemer 
billet  ingots  and  basic  open-hearth  ingots  the  cost  at  which  the  pig 
iron  was  charged  to  the  steel  plant  was  not  the  net  cost  to  them,  as 
they  were  generally  producers  of  iron  ore,  coke,  and  pig  iron.  As 
shown  in  detail  in  the  preceding  chapters,  almost  all  the  Lake  ore 
and  coke  went  into  the  cost  of  pig  iron  at  a  profit.  The  pn^t  charged 
on  Bessemer  ores  (see  Table  88,  p.  278)  was  much  larger  than  on 
non- Bessemer  ores.  Hence,  where  companies  produced  both  Bessemer 
billet  ingots  and  basic  opeti-hearth  ingots  from  pig  iron  made  from 
Uieir  own  ores  and  coke  it  is  evident  that  the  higher  cost  of  the  pig 
iitm  and  scrap  for  the  Bessemer  ingots  was  chiefly  due  to  the  fact  that 
higher  profits  had  been  previously  charged  into  the  costs.  If  these 
profits  were  eliminated — i.  e.,  if  all  the  material  from  the  ore  and 
coke  had  been  put  in  at  net  cost  to  the  companies  producing  the 
ingots — the  cost  of  the  pig  iron  and  scrap  would  have  been  more 
nearly  the  same  in  each  case. 

It  is  right  here  that  the  real  reason  for  the  superior  value  of  Besse- 
mer ores  is  shown,  namely,  such  ores  are  capable  of  being  used  to 
produce  a  pig  iron  which  can  be  utilized  for  steel  making  in  the 
cheaper  Bessemer  process.  On  the  other  hand,  it  should  be  remem- 
bered that  the  basic  open-hearth  process  admits  of  using  large  quanti- 
ties of  relatively  cheap  grades  of  scrap.  The  prices  of  such  scrap  are 
generally  lower  than  basic  pig  iron,  which  also  helps  to  keep  down  the 
cost  of  basic  open-hearth  steel. 

Section  8.  Proflta  on  sales  and  tranifen  of  ingata. 

The  statements  furnished  by  the  companies  reporting  the  cost  of 
ingots  and  the  profits  from  the  sale  and  transfer  of  such  ingots  did 
not  always  specify  whether  the  profits  from  the  ingots  sold  or  trans- 
ferred were  for  Bessemer  or  open-hearth  quality.  In  most  of  these 
cases,  however,  it  was  evident  to  which  class  the  ingots  belonged,  as 
most  companies  made  only  one  kind.  Most,  if  not  all,  of  the  ingots 
9old  or  transferred  at  a  profit  were  of  Bessemer  grade. 

None  of  the  Bessemer  rail  ingots  were  sold  and  the  entire  quantity 
transferred  was  used  at  cost,  so  that  no  transfer  profits  on  ingots 
related  to  rail  ingots.  The  profit  on  sales  or  transfers  therefore  may 
be  assumed,  with  approximate  correctness,  to  relate  to  Bessemer 
billet  ingots.  These  profits  from  sales  or  transfers  at  a  profit  are 
practically  negligible,  as  will  be  seen  hy  the  following  table: 
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The  total  quantity  sold  or  transferred  at  a  profit  was  therefore 
293,199  t<»is,  Trhile  the  total  production  of  Bessemer  billet  ingots 
reported  was  29,099,783  tons.  If  the  total  quantity  sold  or  trans- 
ferred at  a  profit  is  assumed  to  be  Bessemer  billet  in^ts,  it  amounted 
to  a  little  more  than  1  per  cent  of  the  production  reported.  If  a  part 
of  the  quantity  sold  and  transferred  at  a  profit  was  of  open-hearth 
ingots,  the  proportion  of  Bessemer  ingots  was  correspondingly 
smaller.  It  is  evident,  in  any  case,  that  the  profits  on  the  sales  and 
transfers  of  ingots  were  of  little  importance  so  far  as  the  coat  of 
billet  ingots  used  in  further  manufacture  is  ctmcemed. 
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CHAPTER  Vn. 
BOOK  COSTS  OF  ROLLED  FBOSUCTS,  1902-1906. 

Section  1.  Introductory. 

The  rolling  of  ingots  into  Tarious  forms,  such  as  billets,  rails,  bars, 
wire  rods,  and  sheets,  which  constitutes  a  change  of  form  in  the  steel, 
is  the  third  stage  of  iron  and  steel  manufacture.  In  general,  the 
articles  for  which  costs  of  production  are  presented  in  this  report  do 
not  extend  beyond  the  stage  of  rolled  products.  There  are,  however,  two 
important  exceptions,  namely,  drawn  wire  and  tin  plate.  In  addition 
to  drawn  wire,  there  are  numerous  other  more  elaborated  wire  products, 
such,  for  instance,  as  galvanized  wire,  woven  wire  goods,  nails,  etc., 
but  these  are  not  covered  in  this  report.  Similarly,  sheets  are  often 
coated  in  other  ways  than  by  tinning,  as,  for  example,  by  galvanizing 
with  zinc,  but  galvanized  sheets  and  other  elaborated  ^eet  products 
are  not  discussed  in  this  report.  The  costs  of  most  of  the  chief  rolled 
products,  namely,  billets,  sheet  bars,  rails,  plates,  structural  shapes, 
merchant  bars,  wire  rods,  and  sheets  are,  however,  presented. 

The  process  of  rolling  iron  and  steel  is  a  medianical  working  of 
the  material  similar  in  principle  to  hammering  and  pressing,  which, 
besides  giving  the  desired  form  to  the  material,  also  imparts  to  it  a 
much  greater  strength.  The  general  principle  of  a  rolling  mill  is 
comparatively  simple,  although  the  actual  construction  is  often  ex- 
tremely complicated  and  requires  a  very  large  investment  in  plant 
per  ton  of  product.  Stated  in  simplest  terms,  a  rolling  mill  consists 
of  two  metallic  rolls  which  grip  the  material  to  be  rolled  and  by  draw- 
ing it  between  them  compress  it.  While  a  change  of  form  results 
therefrom,  this  mechanical  working  also  increases  the  strength,  as 
already  stated.  As  the  crude  steel  goes  to  the  rolling  mill  in  the  form 
of  a  simple  block  of  large  size  (ingot),  while  the  rolled  products 
have  a  great  variety  of  forms  and  sizes,  it  is  necessary  to  work  the 
material  gradually  by  passing  it  a  number  of  times  through  the  roll- 
ing mill  even  for  the  simplest  forms  of  rolled  products,  while  for  the 
more  complicated  forms  it  is  necessary  to  employ  successively  two  or 
more  additional  mills  of  different  types.  The  mills  which  receive  the 
ingot  or  crude  steel  for  the  first  rolling  process  are  the  blooming,  or 
slabbing  mills.    The  mills  for  finishing  the  product  are  more  gen- 
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erally  described  as  finishing  mills  but  are  usually  named  according 
ro  the  articles  they  produce,  as,  for  example,  billet  mills,  rail  mills, 
plate  mills,  structural  mills,  merchant  bar  mills,  rod  mills,  sheet 
mills,  etc.  The  finishing  mills  generally  include  more  than  one  stand 
of  rolls. 

Besides  the  rolling  apparatus,  such  mills  require,  of  course,  facili- 
ties and  equipment  for  conveying  the  red-hot  material  to  and  from 
the  rolls  and,  generally  also,  for  passing  the  material  between  them. 
They  also  require  motive  power  for  actuating  the  rolls  and  the  equip- 
ment for  conveying  the  material  to  be  rolled,  and  also  for  operating 
the  shears  or  saws  which  are  used  for  cutting  the  material  into  suit- 
able lengths  or  for  shearing  it  into  the  required  form.  Furthermore, 
additional  equipment  has  to  be  provided  for  reheating  material  (heat- 
ing furnaces)  and'  for  various  other  purposes. 

As  already  stated,  certain  of  the  products,  the  costs  of  which  are 
included  in  this  report,  require  for  their  production  processes  in  ad- 
dition to  rolling.  The  two  chief  processes  of  this  sort  are  drawing, 
in  the  case  of  wire,  and  coating,  in  the  case  of  tin  plates.  These  two 
processes  are  quite  distinct  from  rolling  and  may  be  more  con- 
veniently considered  in  connection  with  the  particular  discussion  of 
the  products  named.  They  involve,  of  course,  additional  plant  and 
equipment  of  a  different  character  from  that  described  above. 

For  certain  purposes  rolled  products  may  be  conveniently  grouped 
in  two  classes,  namely,  heavy  rolled  products  and  light  rolled  prod- 
ucts, that  is  to  say,  products  which  are  heavy  or  light,  respectively,  in 
comparison  with  the  unit  of  length  or  area.  The  heavy  products  do 
not  require  such  an  extensive  reduction  in  size,  and  consequ«itly  are 
made  with  a  smaller  number  of  passes  through  the  rolls.  The  weight 
of  the  material  makes  it  convenient,  and,  to  a  certain  extent,  neces- 
sary to  use  automatic  machinery  for  handling  it,  while  the  tonnage 
produced  in  a  given  time  is  relatively  large.  Both  of  these  factors 
tend  to  make  the  labor  cost  a  smaller  proportion  of  the  total  than  in 
the  case  of  light  rolled  products.  The  light  rolled  products  not  only 
require  more  mills  to  bring  the  material  to  finished  form  but  also  the 
tonnage  rolled  in  a  given  time  is  necessarily  smaller  per  mill. 
Furthermore,  it  is  impossible  to  produce  certain  of  these  products  by 
automatic  methods,  so  that  the  amount  of  hand  labor  required  is  much 
larger  per  ton. 

From  what  has  been  said  above,  it  is  evident  that  the  cost  of  pro- 
duction of  various  kinds  of  rolled  products  naturally  differs  con- 
siderably owing  to  a  variety  of  circumstances,  while  there  are  other 
factors  not  referred  to  above  which  also  exercise  an  important  in- 
fluence on  their  respective  costs.  Some  of  these  factors  may  be  con- 
sidered in  a  general  way  before  taking  up  the  discussion  of  the  costs 
of  particular  products. 
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Charactek  of  mill  and  accessory  plant. — Certain  general  charac- 
teristics regarding  the  differences  in  the  character  of  the  mills  and 
accessory  plant  have  been  referred  to  above  and  may  now  be  con- 
sidered in  more  detail. 

Type  of  mill. — Even  in  rolling  mills  which  are  used  to  produce  the 
same  kind  of  product  there  are  different  types  which  have  consider- 
able influence  on  the  cost  of  the  product.  Thus,  in  the  initial  stage 
of  rolling,  namely,  in  rolling  ingots  into  blooms  or  slabs,  there  are 
three  types  of  mill.  The  simplest  is  a  mill  consisting  of  two  rolls  in 
which  the  material,  after  the  first  pass,  is  returned  over  the  rolU  to 
its  original  position  and  passed  through  again,  and  so  on  until  the 
desired  reduction  in  size  is  readied.  The  second  form  is  that  known 
as  the  reversing  mill,  in  which,  after  the  first  pass,  the  engines  which 
drive  the  rolls  are  reversed  and  the  rolls  revolve  in  the  other  direc- 
tion, the  material  being  passed  back  through  them.  A  third  type  is 
known  as  the  three-high  mill;  that  is,  one  which  has  a  third  roll 
superimposed  on  the  other  two  and  revolving  in  the  opposite  direc- 
tion from  the  roll  beneath  it.  The  material  is  first  passed  through 
the  two  lower  rolls  and  is  returned  through  the  two  upper  rolls,  and 
the  process  thereafter  repeated.  In  the  first  form  of  mill  there  is 
considerable  loss  of  time  in  conveying  the  material  back  to  its  original 
position  after  it  has  first  passed  through  the  rolls.  In  the  second  the 
quick  reversing  of  the  engines  and  machinery  involves  the  use  of 
more  powerful  engines.  The  third  requires  a  more  elaborate  mill 
and  more  elaborate  apparatus  for  handling  the  material  but  accom- 
plishes a  considerable  saving  in  the  time  of  rolling. 

Another  illustration  of  difference  in  the  type  of  mill  is  found  in 
mills  used  for  rolling  plates,  of  which  there  are  two  sorts,  namely, 
sheared  plate  mills  and  universal  plate  mills.  In  the  former  the 
slab,  which  is  a  portion  of  a  flattened  ingot,  is  passed  between 
smooth  rolls  which  compress  it  and  reduce  it  in  thickness  only,  giving 
a  plate  of  slightly  irregular  dimensions  in  width.  The  universal 
plate  mill,  in  addition  to  the  horizontal  rolls  which  reduce  the  thick- 
ness, has  vertical  rolls  at  each  side  which  regulate  the  width.  As  a 
consequence  of  this  arrangement,  the  plates  produced  do  not  require 
shearing  in  order  to  give  them  the  required  width.  This  results  in  a 
great  saving  of  labor  and  material. 

Another  characteristic  difference  in  type  of  mill  is  found  in  respect 
to  rod  mills,  of  which  there  are  two  leading  types.  In  the  Garrett 
mill  the  material  is  passed  in  through  one  stand  (pair)  of  rolls  and 
returned  through  another  and  so  on  through  several  stands  of  rolls 
arranged  side  Ly  side  until  the  billet  is  reduced  to  the  required  size. 
As  in  making  rods  there  is  a  very  large  reduction  in  size,  and  conse- 
quently an  immense  increase  in  length,  special  arrangements  in  the 
form  of  runways  are  required  on  one  side  of  the  mill  to  take  care  of 
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the  great  length  of  material  in  order  to  keep  it  from  being  tanj^led 
and  to  bring  it  back  to  the  mill  for  each  return  pass.  Although  much 
has  been  accomplished  in  providing  auttHnatic  devices  to  dispense 
with  hand  labor  and  to  facilitate  the  rolling  of  material  at  great 
speed,  ctHisid^^ble  hand  labor  is  nevertheless  involved.  The  second 
lype  is  the  Morgan  mill,  or  continuous  rod  mill,  in  which  the  billet  is 
placed  at  the  fiist  stand  of  rolls  and  then  proceeds  automatically 
through  a  series  of  stands,  which  are  placed  one  after  the  other.  In- 
asmuch as  the  material  is  rapidly  reduced,  and  the  length  corre- 
spcMidingly  increased,  it  is  necessary  that  the  speed  of  the  rolls  at 
each  succeeding  stand  should  be  greater  than  at  the  previous  stand 
in  order  to  take  up  the  material  as  fast  as  it  comes.  Some  idea 
of  the  speed  at  which  the  material  moves  at  the  end  of  the  process 
may  be  obtained  from  the  statement  that  it  sometimes  goes  at  the  rate 
of  half  a  mile  a  minute.  It  is  rolled  from  a  length  of  about  three 
feet  to  a  length,  of  about  twelve  hundred  feet 

Labor-saving  devices. — Reference  has  already  been  made  to  various 
automatic  arrangements  in  rolling  operations.  Strictly  speaking, 
such  devices  are  generally  more  correctly  described  as  semiautomatic 
or  labor-saving  devices.  These  are  very  important  in  reducing  labor 
coste  and  have  been  extensively  developed  for  almost  all  kinds  of 
mills,  though  generally  less  completely  for  light  products,  which  are 
easily  manipulated  by  the  workmen,  than  for  the  heavy  products, 
which,  on  account  of  their  great  weight,  make  such  devices  of  eq>ecial 
importance.  Thus,  in  the  cogging  mill,  where  a  red-hot  ingot  of 
several  tons  weight  has  to  be  brought  to  the  rolls,  the  former  methods 
of  guiding  the  material  with  hand  implements  have  been  displaced 
by  mechanical  devices,  enabling  it  to  be  steered  in  ite  proper  course 
and  turned  over  between  passes  in  order  that  the  material  may  first 
be  compressed  in  one  direction  and  then  in  another.  In  the  same 
way  mechanical  devices  have  been  introduced  fra-  transferring  tJie 
material  from  the  tables  serving  one  set  of  rolls  to  those  serving 
another  and,  likewise,  in  removing  the  product  from  ttie  rolling 
tables  to  the  racks  where  it  is  left  to  become  cold. 

Another  important  class  of  labor-saving  devices  is  found  in  the 
conveying  machinery,  such  as  electric  traveling  cranes  operating 
overhead,  which  pick  up  the  material  and  carry  it  to  the  mill  or  re- 
move it  from  one  mill  to  another,  etc. 

Capacity  and  adaptability. — The  capacity  of  a  mill — that  is,  the 
tonnage  it  is  able  to  handle  within  a  given  period  of  time — ^has  an 
obvious  relation  to  cost  of  production  and  considerable  differences  are 
found  in  this  respect.  The  capacity  of  a  mill  will  vary  naturally  not 
only  with  its  size  but  also  with  the  type  of  mill  and  various  automatic 
devices  which  save  time  as  well  as  labor. 

Another  feature  affecting  the  output  of  a  null  is  its  adaptability 
to  the  production  of  more  than  one  kind  or  size  of  product,  inasmudi 
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as  its  theoretical  capacity  for  a  given  size  may  not  always  be  attain- 
able on  account  of  the  fact  that  there  may  be  a  lack  of  orders  for 
that  particular  size  to  keep  it  in  operation  all  the  time.  For  this 
reason  mills  which  are  specially  constructed  to  produce  great  quanti- 
ties of  product  of  a  limited  range  of  sizes  are  sometimes  not  as 
economical  in  practice  as  those  which  have  wider  adaptability  though 
perhaps  less  capacity  for  a  few  particular  sizes  and  shapes. 

Accessory  plants. — As  already  stated,  important  accessory  plants, 
such  us  engines  and  reheating  furnaces,  are  required  in  connection 
with  rolling  mills.  There  are  naturally  ctmsiderable  differences  in 
type  and  efficiency  in  these  respects,  but  this  subject  involves  the  con- 
sideration of  matters  which  are  either  too  technical  or  too  general  to 
be  considered  in  this  connection. 

Arrangement  of  plant. — An  important  factor  in  economical  opera- 
tion is  found  in  the  arrangement  of  the  plant,  particularly  in  having 
such  an  arrangement  that  the  material  will  move  along  from  one 
stage  of  the  process  to  another  with  the  least  loss  of  time  and  labor 
and  with  proper  economy  of  space.  Great  differences  in  this  respect 
are  sometimes  found  between  old  plants,  in  which  the  various  parts 
were  built  at  different  times  and  without  any  possibility  of  planning 
ao  economical  arrangement,  and  new  plants  which  have  been  con- 
structed on  a  comprehensive  plan  for  all  the  parts. 

Inteqhation  of  plant. — In  the  process  of  rolling  iron  and  steel,  as 
in  the  oUier  processes  of  iron  and  steel  manufacture  already  consid- 
ered, important  economies  are  possible  in  an  integrated  plant;  that 
is,  one  which  embraces  several  stages  of  production  which  do  not 
exist  in  a  plant  which  is  confined  entirely  to  rolling  the  material. 
The  economies  in  this  respect  are  partly  technical  and  partly  comiQer- 
cial.  The  technical  economies  are  found  chiefly  in  the  saving  of  heat, 
energy,  and  material.  Whether  the  material  to  be  rolled  be  taken  as 
the  ingot  or  partly  rolled  steel  (bloom,  slab,  or  billet),  in  either  case 
the  integrated  plant  has  the  advantage  of  receiving  Uie  material  at 
the  rolling  mill  before  it  has  lost  the  heat  acquired  in  prodncing  the 
steel  itself.  In  other  words,  it  does  not  have  to  be  reheated  before  it 
passes  through  the  rolls.  This  results  in  a  considerable  saving  of  fuel 
and  labor.  The  commercial  economies  are  chiefly  found  in  the  fact 
that  the  material  can  be  taken  over  at  cost  and  without  the  payment 
of  freight  for  bringing  it  to  the  rolling  mill. 

Furthermore,  an  integrated  plant — that  is,  one  in  which  the  blast 
furnace,  the  steel  works,  and  rolling  mills  are  united — has  generally 
available  a  large  quantity  of  surplus  blast-furnace  gas,  which  can  be 
ntihzed  in  furnishing  energy  for  operating  the  rolling  mills.  Blast- 
fomace  gas  can  be  used  as  fuel  for  the  production  of  steam,  or 
directly  in  gas  engines,  for  obtaining  the  mechanical  energy  required. 
Scmetimes  this  mechanical  energy  undergoes  an  intermediate  trans- 
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formation  into  electrical  energy.  Practically  all  the  motive  power  , 
required  in  ordinary  rolling-mill  plants  can  thus  be  obtained  in  an 
integrated  plant  without  additional  expenditure  for  fuel.  As  a  result, 
there  is  either  a  large  saving  in  the  cost  of  operation  for  the  rolling 
mill,  or  a  corresponding  credit  to  the  cost  of  producticsi  of  pig  iron  at 
the  blast-furnace  plant  which  furnishes  this  fuel. 

Chakactbb  of  prodoct. — The  costs  of  various  rolled  products 
naturally  differ  very  greatly  on  account  of  differences  in  the  degree 
of  elaboration  and  also  as  between  products  of  a  similar  degree  of 
elaboration  on  account  of  differences  in  form,  variety,  and  finish. 

The  first  difference  is  obvious  and  requires  no  detailed  comment. 
For  products  which  are  somewhat  similar  in  degree  of  elaboration — 
as,  for  example,  heavy  steel  products — there  are  import-ant  differences 
in  cost  on  account  of  differences  in  form.  One  of  the  simplest  forms 
of  rolled  product  is  the  billet,  which  consists  of  a  long  piece  of  steel 
with  a  cross  sccti«i  of  about  16  square  inches  with  slightly  rounded 
comers.  With  this  may  be  compared  a  steel  rail  which  though  also 
very  heavy  per  unit  of  length  has  a  much  more  elaborate  cross  sec- 
tion. In  order  to  make  the  billet,  it  is  merely  necessary  to  compress 
the  ingot  first  on  one  side  and  then  on  the  other  in  rolls  of  compara- 
tively simple  form.  This  requires  a  small  number  of  passes  through 
the  rolls,  and  t^ere  is  no  necessity  for  getting  great  accuracy  in  the 
dimensions  finally  obtained. 

In  rolling  a  rail,  even  of  the  comparatively  simple  standard  type 
of  T  rail,  however,  much  more  elaborate  rolls  are  required  and  more 
numerous  passes  in  order  that  the  reduction  to  the  desired  form  may 
be  obtained,  and  particularly  that  in  reaching  this  form  the  material 
shall  not  suffer  any  injury.  Finally,  the  finished  product  must  be 
accurate  in  gauge  for  a  great  variety  of ,  dimensions.  A  standard  T 
rail  may  be  rolled  from  an  ingot  18  inches  square  in  22  passes  in  a 
single  heat,  though  generally  more  passes  are  used  and  sometimes  it  is 
reheated  in  the  course  of  the  process  of  rolling  in  order  that  the  re- 
duction in  size  may  be  made  more  slowly,  and  thus  diminish  the 
danger  of  injuring  the  product. 

It  is  obvious  that  considerable  differences  will  exist  in  the  labor 
cost  of  rolling  and  other  operating  costs  on  account  of  such  differ- 
ences in  the  form  of  the  product.  Moreover,  in  the  case  of  rails,  which 
subsequent  to  the  process  of  rolling  have  to  be  cut  to  length,  straight- 
ened, drilled,  and  inspected,  additional  elements  of  cost  enter.  Con  - 
siderable  differences  exist  also  in  the  cost  of  rolls  used.  Products  of 
more  elaborate  form  require  more  complicated  rolls,  which  are  more 
quickly  worn  out  or  broken.  Differences  also  exist  in  the  amount  of 
power  required.  A  complicated  section,  like  that  of  a  rail,  requires 
more  power  to  force  the  material  into  the  exact  shape  desired  than 
to  accomplish  the  more  simple  transformations  obtained  in  making  a 
biUet. 
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Waete. — An  important  element  in  the  cost  of  rolled  products  is  the 
item  of  waste.  This  results  partly  fiom  an  absolute  loss  of  material 
in  roUing,  and  parUy  from  the  fact  that  a  part  of  the  material  is 
reduced  to  scrap.    Considerate  differences  exist  in  the  cost  of  waste- 

The  loss  in  rolling  results  from  oxidation  of  the  red-hot  metal,  and 
this  oxidation  is,  other  things  being  equal,  greater  for  material  which 
has  a  greater  surface  exposed  per  ton.  The  most  compact  material 
rolled,  such  as  billets,  has  a  comparatively  small  surface  exposed  to 
oxidation,  while  plates  have  a  very  large  surface.  In  the  case  of 
sheets,  however,  the  meUiod  of  doubling  them  in  rolling  greatly  re- 
duces the  amount  of  surface  which  would  otherwise  be  exposed.  The 
scale  resulting  from  such  oxidation  is  partly  recovered,  as  already 
explained,  and  utilized  again  in  the  production  of  inm  and  steel.  A 
more  important  element  generally  in  the  cost  of  waste  results  irota 
cutting  or  cropping  the  ends  of  ihe  partly  rolled  material  or  in  shear- 
ing the  irregular  edges  of  plates  and  sheets.  When  the  bloom  is 
rolled  from  the  ingot,  one  end  of  the  bloom  ia  considerably  defective 
on  account  of  the  so-caUed  "  piping  "  of  the  ingot — that  is  to  say,  the 
ingot  in  cooUng  does  not  solidify  in  a  homogeneous  manner  at  the 
top.  Furthermore,  even  apart  from  this  piping,  the  rolling  of  the 
material  tends  to  produce  an  irregular  shape  at  each  end.  Conse- 
quently, a  considerable  proportion  of  the  total  length  must  be  cut 
from  the  bloom,  including  some  at  each  end.  Scrap  so  obtained  is, 
of  course,  utilized  in  the  blast  furnace  or  steel  works,  but  involves  a 
considerable  loss  in  value.  The  extent  to  which  it  is  necessary  to 
crop  the  ends  of  rolled  material  depends  somewhat  on  the  character 
of  the  product,  though  mill  practice  varies  also  for  exactly  the  same 
products.  Thus,  blooms  which  are  to  be  rolled  into  rails  are  cropped 
to  a  greater  extent  than  those  used  to  produce  billets,  uid  this  con- 
stitutes one  reason  for  the  greater  cost  of  rails. 

In  the  rolling  of  plates  it  has  already  been  pointed  out  that  there 
is  a  great  difference  in  this  respect  between  sheared-plate  mills  and 
noiversal-plate  mills.  The  irregular  form  produced  in  the  sheared- 
plate  mill  requires  that  the  plates  shall  be  sheared  to  bring  them  to 
the  desired  form,  while  the  universal-plate  mill  rolls  them  to  the 
required  width  directly;  consequently,  there  is  a  large  item  of  cost  for 
waste  in  the  former  case  which  does  not  occur  in  the  latter. 

Variety  of  shades  and  sises. — Between  the  different  classes  of 
products  there  are  also  wide  differences  in  the  number  of  sizes  and 
shapes  rolled.  Even  for  billets  some  difference  exists  in  the  cost  on 
this  account.  In  the  case  of  certain  other  heavy  steel  products,  like 
rails  and  structural  shapes,  there  isi  much  greater  variation,  how- 
ever, in  the  number  of  sizes  and  shapes,  and  particularly  in  the  case 
of  structural  shapes.    A  large  proportion  of  the  rails  are  of  stand- 
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ard  specification  in  shape,  though  showing  considerable  variations  in 
size  or  weight  per  yard.  Besides  standard  rails,  however,  special 
shapes  are  sometimes  made,  even  for  the  ordinary  T  rails.  It  is  cus- 
tomary to  show  the  costs  of  standard  rails  in  a  group  by  themselves. 
The  costs  of  light  rails,  which  may  be  of  standard  form,  as  well  aa 
various  other  forms,  are  also,  as  a  rule,  separately  grouped.  Another 
important  class  of  rails  is  that  known  as  girder  rails,  chiefly  used 
for  street  and  other  electrical  railways,  which  are  more  complicated 
in  form  than  the  standard  T  rail,  and  for  which  a  much  greater  va- 
riety of  specifications  are  ordinarily  made,  with  a  consequent 
enhancement  in  the  cost  of  production. 

Structural  shapes  include  a  considerable  variety  in  the  general 
form  of  the  material,  such  as  I  beams,  channels,  angles,  tees,  zees, 
etc.,  besides  a  considerable  number  of  variations  in  shapes  and  sizes 
for  each  of  the  different  forms.  For  some  of  the  lighter  rolled 
products,  such  as  merchant  bars,  hoops,  and  bands,  equally  numerous 
varieties  exist  in  the  form  and  sizes  of  the  material  rolled. 

The  principal  reason  for  the  greater  cost  of  rolling  products 
which  have  considerate  variation  in  form  and  size  is  that  it  is  nec- 
essary to  have  a  great  variety  of  rolls  and  to  make  frequent  stops  in 
the  operatifm  of  the  mills  in  order  to  change  the  rolls.  Consequently 
the  cost  of  rolls  is  greatly  increased,  while,  owing  to  these  delays, 
the  tonnage  of  production  is  decreased,  with  a  consequent  increase  in 
the  various  items  of  operating  cost  per  ton  of  product. 

Finishing. — Another  reason  for  differences  in  the  cost  of  rolled 
products  is  found  in  the  differences  in  preparing  them  for  shipment, 
an  illustration  of  which  has  already  been  given  above  with  reference 
to  bUlets  and  rails.  After  leaving  the  rolling  mills  the  billets  are 
sheared  to  convenient  lengths  and  then  are  ready  for  shipment 
Rails,  on  the  other  hand,  have  to  be  sawed  accurately  to  the  required 
length,  straightened,  drilled,  and  inspected.  In  the  rolling  of  sheets 
important  differences  are  found  in  the  methods  of  finishing,  and  par- 
ticularly between  ordinary  sheets  and  black  plate  which  are  pickled 
and  annealed  and  then  used  for  making  tin  plate. 

QuAurr  of  FKOntrcr, — For  a  given  class  of  product  the  cost  of 
production  varies  considerably  also  on  account  of  its  quality.  This 
depends  partly  on  the  quality  of  the  raw  material  used,  partly  on  the 
care  taken  in  the  process  of  rolling,  and  partly  on  the  methods  of 
finishing,  the  circumstances  of  which  have  already  been  briefly  con- 
sidered in  the  foregoing  discussion.  In  the  specifications  for 
products  ordered,  provisions  may  appear  not  only  as  to  the  grade  of 
raw  material  to  be  used  but  also  as  to  the  method  by  which  they  shall 
be  made  and  the  tests  to  which  they  shall  be  subjected  before  de- 
livery. The  kind  of  steel  used  may  be  prescribed  and  its  chemical 
constituents  specified  within  narrow  limits.  The  method  of  rolling 
may  also  be  prescribed,  as  well  as  the  extent  of  cropping  of  the 
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bloom.  Elaborate  tests  may  also  be  required  respecting  the  traisile 
etreogth  or  other  physical  qualities  of  the  finished  product.  Where 
the  finishing  of  the  material  involves  additional  processes,  as  in  the 
making  of  tin  plat«,  there  are  important  differcoices  in  the  quality, 
depending  on  the  thicbnees  of  the  tin  coating,  etc.  The  inspectirai  of 
the  material,  as  in  the  case  of  rails  or  tin  plate,  may  involve  the  divi- 
sion of  the  product  into  qualities  of  standard  grade  and  inferior 
grades.  In  ^e  case  of  rails,  these  inferior  grades  are  usually  called 
"  seconds  "  and  "  thirds,"  in  the  case  of  tin  plate,  "  wasters."  Ordi- 
narily, the  purchaser  of  the  standard  qualify  is  expected  to  take  a  cer- 
tain proportion  of  second-grade  rails,  or  a  certain  pn^rtion  of 
wasters  in  tin  plate. 

The  foregoing  discussion  is  intended  merely  to  su^^eet  the  great 
variety  of  factors  that  affect  the  cost  of  rolled  products  and  to  indi- 
cate in  a  general  vray  scHue  of  the  characteristics  of  this  stage  of 
manufacture  of  irwi  and  steel  products.  In  connection  with  the  par- 
ticular products,  for  which  cost  statements  are  given,  the  appropriate 
place  will  be  found  for  more  particular  descriptions  of  the  processes 
and  conditions  affecting  the  cost  of  production. 

Section  2.  Book  coit  of  large  billets,  1902-1006. 

A  laige  billet  is  the  simplest  form  of  rolled  product  and  is  made  by 
rolling  an  ingot  down  to  a  small  rectangular  section  (for  example,  4 
inches  square)  suitable  for  rerolling  into  such  products  as  merchant 
bars,  wire  rods,  and  the  lighter  forms  of  ^ructnral  shapes.  Ilie  re- 
duction from  an  ingot  to  a  large  billet  is  usually  made  on  two  mills, 
namely,  a  blooming  mill  and  a  finishing  mill.  The  blooming  mill 
may  be  "three-high"  (see  p.  173)  or  reversible.  The  space  between 
the  rolls  is  diminished  as  the  rolling  proceeds.  The  finishing  mill 
may  be  either  "  three-high,"  reversible,  or  continuous,  and  the 
rolls  are  not  adjusted,'but  the  material  is  gradually  reduced  to  the 
proper  size  and  shape  by  passing  it  through  different  grooves  in  the 
rolls  successively. 

No  report  of  the  producticm  of  large  billets  is  made  for  the 
United  States  as  a  whole.  For  this  reason  it  is  not  possible  to  show 
the  relation  of  the  quantity  of  billets  reported  and  covered  by  the 
cost  statements  to  the  quantity  produced  in  the  United  States,  as 
has  been  done  in  the  case  of  pig  iron  and  ingots.  The  Bureau's  cost 
data  for  Bessemer  billets  probably  cover  over  90  per  cent  of  the 
total  production  of  the  country  during  the  period  1902  to  1906. 

The  production  of  large  billets  reported  covers  the  three  principal 
binds  or  grades  of  steel  produced  in  the  United  States,  namely, 
Bessemer,  basic  open-hearth,  and  acid  open-hearth. 

Laboe  Bessemer  billets,— The  production  of  large  Bessemer 
billets  reported  by  the  companies  furnishing  cost  data  to  the  Bureau 
was  17,908,038  tooa.    Included  in  this  total  production  were  somr 
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Blabs  and  also  some  sizes  larger  than  4  by  4  inches,  whic^  were  pro- 
duced on  the  same  mills  and  included  in  the  cost  sheets  for  large 
Itillets.  For  many  of  these  sizes  the  cost  items,  as  distinguished  from 
those  for  the  4  by  4  inch  billets  were  not  separately  given,  but,  as  the 
total  cost  of  each  was  in  many  cases  the  same,  they  were  incladed  and 
the  whole  quantity  was  taken  up  in  the  cost  averages.  Where  the 
cost  was  different  or  the  sizes  seemed  to  be  so  diverse  as  to  appre- 
ciably affect  the  cost  of  the  different  kinds,  they  were  excluded,  so 
that  the  cost  averages  for  large  Bessemer  billets  properly  apply  to 
the  ordinary  large  billets. 

In  the  following  two  tables  the  book  costs  of  producing  lar^  Bes- 
^emer  billets  are  given  (1)  by  years  1902  to  1906  and  (2)  by  districts 
for  the  five-year  period  1902  to  1906.  Subjoined  to  these  tables  are 
certain  statistical  data  respecting  the  prices  and  quantities  of  ma- 
terials used  and  the  net  cost  of  waste,  which  w^^  also  deiived  from 
the  oost  sheets.  These  are  of  importance  in  analyzing  the  results 
and  in  facilitating  a  comparison  between  the  price  of  ingots  used 
and  tiw  average  cost  of  the  ingots  previously  shown. 

BOOK  COBT  OF  LASOE  BESfiEUER  Bn,LETS,  BY  YEARS,  IMS-IMM. 
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The  production  of  large  Bessemer  billets  covered  by  the  cost  state- 
ment ranged  from  2,731,744  tons  in  1903  to  4,357,405  tons  in  1906. 

Raw  materiM. — The  raw  material  for  the  production  of  lai^ 
Bessemer  billets  was  Bessemer  billet  ingots,  and  the  cost  of  this  raw 
material  determined  largely  the  total  cost  of  billets.  This  showed 
sn  average  cost  per  ton  of  billets  of  $17.72  for  the  five-year  period 
and  ranged  from  $16.68  per  ton  in  1905  to  $19.17  per  ton  in  1908. 
The  cost  in  1904  was  almost  as  low  as  in  1905,  namely,  $16.88.  Con- 
sidered by  districts  for  the  five-year  period,  the  cost  of  ingots  per 
ton  of  billets  ranged  from  $16,85  for  the  Lake  Erie  district  to  $18.88 
for  the  Wheeling  district  The  cost  of  ingots  per  ton  of  billets  was 
determined  by  the  price  of  ingots  per  ton  and  the  net  cost  of  waste 
in  rolling. 

The  average  price  of  the  ingots  corresponded  closely  with  the 
Works  cost  of  producing  them.  An  analysis  of  the  works  cost  of 
Bessemer  billet  ingots  and  the  price  of  ingots  used  for  large  billets 
indicates  that  they  were  taken  over  without  profit  or  at  a  negligible 
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profit  (see  pp.  169-170), and  that  the  differences  existing  were  due  to 
differences  in  Uie  cost  of  ingots  nsed  for  large  Bessemer  billets  as 
compared  with  those  which  were  used  for  other  products.  The  quan- 
tity of  Bessemer  billet  ingots  covered  by  the  cost  statement  presented 
(see  p.  136)  was  S9,099,783  tons.  Of  this  total  production,  20,163,691 
tons,  or  69.3  per  cent,  were  used  in  making  large  Bessemer  billets. 
The  average  price  of  the  Bessemer  billet  ingots  used  for  the  pro- 
duction of  large  Bessemer  billets  was  $16.95  per  ton  and  ranged  from 
$16.90  in  1905  to  $18.39  in  1903.  The  average  price  of  ingots  for 
the  five-year  period  by  districts  ranged  from  $16.28  per  ton  for  the 
Lake  Erie  district  to  $18,01  per  ton  for  the  Wheeling  district  These 
extremes  in  the  price  of  ingots,  both  by  years  and  by  districts,  corre- 
sponded with  the  extremes  in  the  cost  of  ingote  per  ton  of  billets. 

The  net  cost  of  waste  is  the  connecting  link  between  the  price  of 
ingots  per  ton  and  the  cost  of  ingots  per  ton  of  billets.  This  is  the 
cost  of  the  gross  loss  in  weight  less  the  value  of  the  scrap  recovered. 
The  factors,  therefore,  in  determining  the  net  cost  of  waste  are  (1) 
the  quantity  of  ingots  used  per  ton  of  product;  (2)  the  quantity  of 
scrap  recovered  per  ton  of  product;  (3)  the  price  of  the  ingots  per 
ton;  and  (4)  the  value  of  the  scrap  recovered  per  ton.  The  average 
net  cost  of  waste  was  $0.77  per  ton  and  ranged  from  $0.71  per  ton 
in  1904  to  $0.80  per  ton  in  1902.  The  average  net  cost  of  waste  for 
the  five-year  period,  by  districts,  ranged  from  $0.57  per  ton  for  the 
Lake  Erie  district  to  $1.04  per  ton  for  the  Eastern  district. 

Cost  above  material. — The  average  cost  above  material  for  the  five- 
year  period  was  $1.37  per  ton  for  large  Bessemer  billets,  or  7.2  per 
cent  of  the  mill  cost. 

The  labor  cost  averaged  $0.55  per  ton  for  the  period  and  ranged 
from  $0.49  in  1905  to  $0.62  in  1903.  This  item  constituted  the  largest 
single  item  of  cost  above  material;  and  while  comprising  40  per 
cent  of  the  total  cost  above  material  for  the  period,  amounted  to  only 
2.9  per  cent  of  the  mill  cost  of  large  Bessemer  billets.  The  Lake 
Erie  district  showed  the  lowest  labor  cost  per  ton  of  billets  for  the 
five-year  period,  namely,  $0.44  per  ton,  and  the  Eastern  district  the 
highest,  namely,  $0.96  per  ton.  The  large  differences  in  labor  costs 
were  due  probably  partly  to  differences  in  tonnages  and  partly  to  the 
use  of  labor-saving  devices. 

The  item  of  fuel  was  not  very  important,  because  the  billets  were 
usually  made  from  hot  ingots,  which  required  only  a  small  amount 
of  gas  in  the  soaking  pit  to  equalize  the  temperature  of  the  ingots. 
Small  quantities  of  cold  ingots,  because  of  irregularities  in  the  work- 
ing of  the  mills,  were  reheated,  which  involved  additional  expense  for 
fuel.  The  average  cost  of  fuel  was  $0.10  per  tcm,  and  ranged  from 
$0.09  in  1902  and  1905  to  $0.12  in  1903. 
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The  average  cost  of  steam  was  $0.32  per  ton  of  large  Bessemer  bil- 
lets, and  showed  no  great  variatitm  ^m  year  to  year,  although  quite 
a  range  by  districts — from  $0.25  per  ton  for  the  Pittsburgh  district 
to  $0.46  per  t<Hi  for  the  Valley  district. 

The  cost  of  rolls  averaged  for  the  period  only  $0.03  per  ton.  As 
the  shape  of  billets  is  simple  and  the  pressure  not  very  great  rela- 
tively, the  cost  f  OT  this  item  was  small. 

The  average  cost  of  materials  in  repairs  and  maintenance  was 
$0.17  per  ton,  and  ranged  from  $0.13  in  1905  to  $0.20  in  1902.  This 
cost  varied  considerably  as  between  different  districts,  ranging 
from  $0.13  for  the  Chicago  and  Lake  Erie  districts  to  $0.25  for  the 
Eastern  district. 

The  average  cost  of  supplies  and  tools  for  the  five-year  period 
was  $0.06  per  ton,  and  was  nearly  uniform  in  each  year,  varying  only 
$0.01  either  way  from  the  average.  Considered  by  districts,  this  item 
ranged  from  $0.01  for  the  Chicago  and  Lake  Erie  districts  to  $0.16 
for  the  Eastern  district. 

Miscellaneous  and  general  works  expense,  consisting  of  that  pro- 
portion of  general  expense  throughout  the  whole  plant  which  was 
allotted  to  the  operations  of  the  mills  producing  large  billets,  aver- 
aged $0,14  per  ton.  This  item  showed  little  variation  from  year 
to  year  or  by  districts. 

Additional  cost. — The  items  \mder  this  head  were  derived  from  the 
profit  and  loss  accounts  of  the  companies  and  apportioned  by  the 
Bureau  in  the  manner  elsewhere  described.  (See  p.  20.)  They  in- 
clude chiefiy  (1)  general  and  miscellaneous  expense,  and  (2)  depre- 
ciation. As  already  noted,  each  product  from  pig  iron  on  was,  when 
used,  generally  charged  at  furnace,  works,  or  mill  cost,  instead  of 
total  book  cost,  with  the  result  that  these  items  of  additional  cost  in- 
crease in  a  cumulative  manner.  Thus,  they  tend  to  be  higher  per  ton 
of  heavy-rolled  products  than  for  ingots,  and  higher  for  light-rolled 
products  than  for  heavy-rolled  products.  There  were,  however,  great 
differences  in  these  additional  expenses  for  the  different  companies, 
and  the  different  companies  did  not  have  the  same  proportions  of 
the  total  output  for  each  product.  For  the  large  Bessemer  billebs 
here  under  consideration  the  item  of  general  and  miscellaneous  ex- 
pense averaged  $0.55  per  ton  for  the  five-year  period,  and  deprecia- 
tion averaged  $0.54  per  ton. 

Total  hook  cost. — The  average  mill  cost  of  large  Bessemer  billets 
for  the  five-year  period  was  $19.09  per  ton,  and  the  total  book  cost — 
that  is,  including  with  the  mill  cost  the  items  of  general  expense  and 
depreciation  derived  from  the  profit  and  loss  accounts— was  $20.18. 
The  range  of  total  book  cost  by  years  was  from  $18.73  per  ton  in 
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1905  to  $21.86  per  ton  in  1903,  and  by  distrirts  from  $19.67  per  ton 
for  the  Pittsburgh  district  to  $21.77  for  the  Eastern  district.  i 

As  in  the  case  of  the  costs  dt  pig  iron  and  ingots,  these  total  bookl 
costs  are  not  net  costs ;  that  is,  they  include  profits  arising  from  the 
transfer  of  materials  (principally  ore,  C(^e,  and  pig  iron)  at  prices 
above  the  actual  cost  of  production,  the  proHts  of  which  accrued  to 
the  same  companies  or  interests  as  those  for  whic^  the  large  Besse- 
mer billet  costs  are  stated. 

liARQK  BASIC  o^SN-HEARTH  BiLLXTs.— The  tomiage  of  large  basic 
open-hearth  billets  produced  by  the  companies  reporting  was  13,422,- 
740  tons.  During  the  period  1902  to  1906  a  smaller  proportion  of 
basic  open-hearth  steel  was  made  into  large  billets  than  in  the 
case  of  Bessemer  steel,  because  rdatively  larger  quantities  of  open- 
hearth  steel  than  of  Bessemer  steel  were  made  into  other  products 
(chiefly  plates  and  structural  shapes). 

In  the  following  tables  are  given  the  book  costs  of  producing  large 
basic  open-hearth  billets  by  years,  1902  to  1906,  and  by  districts  for 
the  five-year  period: 
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The  production  of  large  basic  open-hearth  billets  covered  by  the 
cost  statement  ranged  from  965,669  tons  in  1902  to  4,598,734  tons  in 
1906,  or  nearly  five  times  more  in  1906  than  in  1902.  Large  basic 
open-hearth  billets  were  produced  in  several  districts  during  this 
period.  The  Valley  and  Wheeling  districts  were  combined,  however, 
in  order  not  to  reveal  the  costs  of  particular  concerns. 

Raw  material. — The  raw  material  for  the  production  of  large  basic 
opai-hearth  billets  was  basic  open-hearth  ingots.  The  average  cost 
of  the  ingots  per  t<»i  of  large  basic  open-hearth  billets  for  the  five- 
jear  period  was  $18.45,  and  ranged  from  $16.73  per  ton  in  1904  to 
$31.07  per  ton  in  1908.  The  average  cost  of  ingots  by  districts  for 
the  period  ranged  from  $16.98  per  ton  for  the  Pittsburgh  district  to 
$22.88  per  tc«i  for  the  Eastern  district  The  average  cost  for  the 
Pittsburgh  district  was  $1.65  less  than  for  any  other  district,  and 
the  average  cost  for  the  Eastern  district  was  $2.20  more  than  for  Aoy 
other  district.  These  large  variations  in  the  costs  of  ingots  per  ton 
of  billets  were  determined  largely  by  the  price  of  the  ingots,  although 
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the  net  coat  of  waste  differed  considerably  by  years  as  well  as  by 
districts. 

The  average  price  at  which  (he  ingots  were  used  in  the  production 
of  large  basic  open-hearth  billets  was  $17.47  per  ton.  The  works 
cost  of  basic  open-hearth  ingots  was  $17,41  per  ten.  (See  Table  33, 
p.  151.)  This  difference  of  $0.06  per  ton  was  due  entirely  to  ■varia- 
tions in  the  cost  of  ingots  used  for  large  billets  and  those  used  in 
the  production  of  other  products.  The  quantity  oi  basic  open-hearth 
ingots  used  in  making  these  large  open-hearth  billets  was  15,730,983 
tons,  which  constituted  63.6  per  cent  of  the  reported  production  of 
such  ingots.  The  average  price  of  the  ingots  for  the  five-year  period, 
as  noted  above,  was  $17.47  per  ton,  and  ranged  from  $15.86  in  19(M 
to  $19.83  in  1903.  The  average  price  of  ingots  by  districts  ranged 
from  $16.12  per  ton  for  the  Pittsburgh  district  to  $21,43  per  ton  for 
the  Eastern  district. 

The  average  net  cost  of  waste — that  is,  the  cost  of  the  gross  loss 
in  weight  less  the  value  of  scrap  recovered — was  $0.98  per  ton,  and 
ranged  from  $0.87  in  1904  to  $1.24  in  1903.  Considered  by  districts 
for  the  five-year  period,  this  cost  ranged  from  $0.82  per  ton  for  the 
Lake  Erie  district  and  the  Valley  and  Wheeling  group,  to  $1,45  per 
ton  for  the  Eastern  district,  a  difference  of  $0.63  per  ton. 

Coet  above  vutterial. — The  average  cost  above  material  per  ton  of 
large  basic  open-hearth  biUets  for  the  five-year  period  was  $1.52,  ot 
7,6  per  cent  of  the  mill  cost. 

The  item  of  labor  amounted  to  about  one-third  of  the  cost  above 
material.  It  averaged  $0.55  per  ton  for  the  five-year  period,  and 
ranged  from  $0.50  in  1906  to  $0.72  in  1902.  The  marked  decline  ic 
labor  from  1902  to  1906  was  probably  due  chiefly  to  the  increased 
output  and  to  the  application  of  labor-saving  devices.  There  was  a 
wide  range  in  the  cost  of  labor  by  districts  for  the  five-year  period, 
from  $0.47  per  ton  in  tiie  Pittsburgh  district  to  $1.08  per  ton  in  the 
Southern  district,  likewise  due  chiefly  to  variations  in  output  and  in 
the  use  of  labor-saving  devices. 

The  average  cost  of  fuel  for  the  five-year  period  was  $0.16  per  ton, 
and  showed  no  appreciable  variation  from  year  to  year,  although 
there  was  quite  a  range  by  districts,  from  $0,08  per  ton  for  the  Pitts- 
burgh district  to  $0.33  per  ton  for  the  Chicago  and  Western  districts. 
These  differences  in  fuel  costs  were  the  result  largely  of  differences 
in  quantities  of  cold  ingots  used. 

The  average  cost  of  the  steam  in  rolling  ingots  into  large  basic 
open-hearth  billets  was  $0.33  per  ton,  and  ranged  from  $0.40  in  1903 
to  $0.31  in  1905  and  1906.  The  range  by  districts  was  from  $0.47 
per  ton  for  the  Lake  Erie  district  to  $0.24  per  ton  for  the  Southern 
district. 

The  remaining  items  of  mill  cost  do  not  call  for  special  comment 
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Additional  cost. — Under  this  head  are  inclnded  costs  derived  from 
the  profit  and  loss  accounts  of  the  companies  and  apportioned  to  the 
different  products  as  elsewhere  described.  (See  p.  20.)  They  are 
grouped  under  (1)  general  and  miscellaneous  expense,  and  (2) 
depreciation.  The  former  item  averaged  $0.48  per  ton  for  the  five- 
year  period  and  the  latter  item  $0.42  per  ton.  As  has  been  noted, 
the  raw  materials  from  pig  iron  on  were  generally  charged  at  fur- 
nace or  works  cost  instead  of  total  book  cost,  with  the  result  that 
these  items  of  additional  cost  increase  in  a  cumulative  manner. 

Total  book  cost. — The  average  mill  cost  of  large  basic  (^n-hearth 
billets  for  the  five-year  period  was  $19.97  per  ton,  and  the  total  book 
cost,  adding  to  the  mill  cost  the  expenses  derived  from  the  profit  and 
loss  accounts,  was  $20.87,  and  ranged  from  $19.21  In  1904  to  $23.97 
in  1903.  The  average  total  book  cost  by  districts  ranged  from  $18.88 
per  ton  for  the  Pittsburgh  district  to  $26.35  per  ton  for  the  Eastern 
district. 

It  should  be  remembered  that  these  total  book  costs  are  not  net 
costs,  as  they  include  profits  arising  from  the  transfer  of  materials 
(principally  ore,  coke,  and  pig  iron)  at  prices  above  the  actual 
cost  of  production,  although  the  transfer  profits  included  in  the 
costs  of  open-hearth  products  are  not,  as  a  rule,  as  large  as  those 
included  in  the  cost  of  Bessemer  steel  products. 

Labge  Acm  opEN-HEAHTa  BimiTs. — -The  high  cost  of  large  acid 
open-hearth  billets  limits  their  use  and  the  production  is,  therefore, 
much  less  than  that  of  the  other  kinds  of  large  billets.  The  total 
production  included  in  the  investigation  was  only  392,087  tons  for 
the  five  years  1902  to  1906. 

The  book  cost  of  producing  large  acid  open-hearth  billets,  by 
years,  1902  to  1906,  was  as  follows:' 
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TULS  44.— AVSRAOE  BOOK  COST  OV  LABGE  ACID  OPEN-HEABTH  BILLBTS,  ETCL- 
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The  productioD  of  large  acid  open-hearth  billete  covered  by  the 
cost  statement  ranged  from  67,030  tons  in  1906,  to  89,789  tons  in 
1905.  Large  acid  open-hearth  billet  production,  unlike  that  for 
large  basic  open-hearth  billets,  showed  no  increaEing  tendency  during 
this  period.  Furthermore,  a  relatively  smaller  quantity  of  acid 
open-hearth  ingots  was  made  into  billets  each  year. 

Raw  maierial. — The  raw  material  for  large  acid  open-hearth  billets 
was  acid  open-hearth  ingots.  This  raw  material  cost  for  the  five- 
year  period  was  $22.20  per  ton  of  billets,  and  ranged  from  $19.17 
per  ton  in  1904  to  $26.71  per  ton  in  1903,  a  difference  of  $7.54  per 
ton.  This  difference  was  due  largely  to  differences  in  the  prices  of 
ingots,  although  the  actual  loss  in  weight  was  greater  in  1903  than 
in  1904. 

The  average  price  of  the  ingots  for  the  five-year  period  was  $21.0S 
per  ton,  and  ranged  from  $18.16  in  1905  to  $25.35  in  1903,  a  difference 
of  $7.19  per  ton.  While  the  acid  open-hearth  ingots  were  used  at 
works  cost,  the  prices  were  different  from  the  costs  of  such  ingots,  as 
shown  in  Table  35,  page  159,  because  only  about  23  per  cent  of  the 
reported  production  of  acid  open-hearth  ingots  was  made  into  large 
acid  open-hearth  billets.  Also  certain  plants,  whidi  had  a  low  cost 
for  acid  open-hearth  ingots,  used  no  part  of  their  ingots  in  making 
bill^. 

The  average  net  cost  of  waste  was  $1.15  per  ton,  and  ranged  from 
$0.91  per  ton  in  1904,  the  year  of  the  lowest  price  of  ingots,  to  $1.36 
per  ton  In  1903,  the  year  of  the  highest  price  of  ingots. 

Cost  above  mateHed. — The  average  cost  above  mat«rial  for  the  five- 
year  period  was  $1.72  per  ton,  or  7.2  per  cent  of  the  mill  cost. 

The  average  cost  of  labor  was  $0.52  per  ton,  or  30  per  cent  of  the 
total  cost  above  material.  The  labor  cost  ranged  from  $0.45  per  ton 
in  1906  to  $0.65  per  ton  in  1902.  The  average  labor  cost  for  1906 
was  much  lower  than  in  1902  or  1903,  due,  apparently,  to  improved 
equipment. 
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The  average  costs  of  fuel  and  steam  for  the  production  of  large 
acid  open-hearth  billets  were  relatively  more  important  than  for 
either  large  Bessemer  billets  or  large  basic  open-hearth  billets,  for 
the  reasOTi  that  a  considerable  part  of  the  production  was  in  the 
Eastern  district,  where  the  cost  of  fuel  was  high.  The  average  cost 
of  fuel  for  the  five-year  period  was  $0.27  per  ton,  and  ranged  from 
$0.23  to  $0.34,  and  the  average  cost  of  steam  for  the  period  was  $0.46 
per  ton,  and  ranged  from  $0.40  to  $0.53. 

The  other  items  of  cost  above  material  are  either  relatively  unim- 
portant, or  call  for  no  particular  comment. 

Additional  coat. — The  additional  cost  was  derived  from  the  profit 
and  loss  accounts  of  the  companies  and  includes  (1)  general  and 
miscellaneous  expense,  and  (2)  depreciation.  The  average  cost  of 
general  and  miscellaneous  expense  for  the  five-year  period  was  $1 
per  ton,  and  the  average  cost  of  depreciation  for  the  same  period 
was  $0.84  per  ton.  As  in  the  case  of  the  other  kinds  of  large  billets, 
these  additional  costs  are  cumulative,  as  the  raw  materials  were  gen- 
erally used  at  furnace  or  works  cost,  instead  of  at  total  book  cost. 

Total  hook  cost. — The  average  mill  cost  of  large  acid  open-hearth 
billets  for  the  five-year  period  1902  to  1906  was  $23.92,  and  the 
total  book  cost,  found  by  adding  to  the  mill  cost  the  additional  costs 
of  general  expense  and  depreciation,  was  $25.76. 

The  total  book  costs,  as  in  the  cases  of  other  kinds  of  large  billets- 
include  profits  from  the  transfer  of  materials  (principally  ore,  coke, 
and  pig  iron)  above  the  actual  cost  of  production  which  accrued  to 
the  same  ccanpanies  or  interests  as  produced  these  large  acid  open- 
hearth  billets. 

COMPABISON  OF  BOOK  COSTS  OF  I^RQE  BeSSEMER,  I^BGE  BASIC  OPEN- 
HEARTH,    AND    LARGE    ACTO    OFEN-HBARTH    BILLETS. — It    is    desirable    tO 

make  a  brief  comparison  of  the  book  costs  of  producing  the  three 
kinds  of  large  billets,  namely,  large  Bessemer,  large  basic  open  hearth 
and  large  acid  open  hearth.  The  best  and  most  practicable  compari- 
son, on  the  whole,  is  one  for  the  five-year  averages.  Such  a  com- 
parison is  given  in  the  following  table : 

Tabu  U.-COUPARIS0N  OF  AVERAGE  BOOK  COSTS  OF  LARQE  BESSEMBB  BILLKTS, 
LARGE  BASIC  OPEN-HEARTH  BILLETS.  AND  LARGE  ACID  OPEN-HEARTH  BILLETS 
FIVE  YEABB,  I901-l«De, 

(fn  doUua  p«  traaa  tins.] 
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TtBU  V.-C0HPAHI80M  OF  AVERAOE  BOOK  COSTS  OF  LAROB  BE88EUER  BILLED, 
LABOE  BASIC  OPEN-REARTH  BILLETS,  AND  ia.RaE  ACID  OPEN-HEARTH  BILLETB, 
FIVE  TEARS,  IVtU-IBOB-CoDtlnned. 
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The  reported  production  of  large  Bessemer  billets  for  the  five-year 
period  1902  to  1906  was  17,908,033  tons,  of  large  basic  open-hearth 
billets  13,422,740  tons,  and  of  large  acid  open-hearth  bUlets  only 
392,087  tons. 

Raw  material. — The  differences  in  the  costs  of  producing  the  three 
kinds  of  large  billets  were  due  largely  to  differences  in  the  costs  of 
the  ingots  used.  The  average  cost  of  the  ingots  used  in  the  produc- 
tion of  large  Bessemer  billets  was  $17.72  per  ton  for  the  five-year 
period;  the  average  cost  of  ingots  used  in  the  production  of  large 
basic  open-hearth  billets  was  $18.45  per  ton,  or  $0.73  per  ton  more 
than  Bessemer  ingots,  and  the  average  cost  of  the  ingots  used  in  the 
production  of  large  acid  open-hearth  billets  was  $22.20  per  ton,  or 
$4.48  per  ton  more  than  the  Bessemer  ingots  and  $3.75  per  ton  more 
than  basic  open-hearth  ingots.  The  high  cost  of  acid  open-hearth 
ingots  in  comparison  with  the  cost  of  basic  open-hearth  ingots  was 
due  in  part  to  the  unfavorable  location  of  some  of  the  plants  pro- 
ducing acid  open-hearth  steel. 

The  average  price  of  ingots  was  $16.95  per  ton  for  large  Bessemer 
billets,  $17.47  per  ton  for  large  basic  open-hearth  billets,  and  $21.05 
per  ton  for  large  acid  open-hearth  billets. 

The  average  net  cost  of  waste  was  much  higher  for  open-hearth 
billets  than  for  Bessemer  billets.  It  averaged  $0.77  per  ton  for  large 
Bessemer  billets,  $0.98  per  ton  for  large  basic  open-hearth  billets,  and 
$1.15  per  ton  for  large  acid  open-hearth  bUlets. 

Cost  above  material. — The  cost  above  material  differed  considerably 
for  the  three  kinds  of  large  biUets,    It  averaged  $1.37  per  ton  of 
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lai^  Bessaner  billets,  $1.52  per  ton  for  large  basic  open-hearth 
billets,  and  $1.72  per  ton  for  large  acid  open-hearth  billets. 

The  largest  and  most  important  item,  tiiat  of  labor,  was  the  same 
for  both  large  Bessemer  and  large  basic  open-hearth  billets,  namely, 
$0,55  per  ton,  while  the  labor  cost  for  acid  open-hearth  billets  was 
S0.03  per  ton  less.  The  average  costs  of  fuel  and  steam  were  com- 
paratively high  for  acid  open-hearth  billets,  which  was  due  chiefly 
to  differences  in  the  location  of  the  plants. 

Total  hook  coat. — The  mill  cost  for  the  five-year  period  1902  to 
1906  was  $19.09  per  ton  of  large  Bessemer  billets,  $19.97  per  ton  of 
large  basic  open-hearth  billets,  and  $23.92  per  ton  of  large  acid  open- 
hearth  billets.  The  additional  costs  as  allocated  were  $1.09,  $0.90,  and 
$1.84,  respectively.  The  total  book  cost  (i.  e.,  the  mill  cost  plus  the 
additional  costs)  for  the  same  period  was  $20.18  per  ton  for  large 
Bessemer  billets;  $20.87  per  ton  for  large  basic  open-hearth  billets; 
and  $25.76  per  ton  for  large  acid  open-hearth  billets.  In  other 
words,  large  basic  open-hearth  billets  cost  $0.69  per  ton  more  than 
large  Bessemer  billets ;  and  large  acid  open-hearth  billets  cost  $5.58 
per  ton  more  than  large  Bessemer  billets  and  $4.89  per  ton  more  than 
large  basic  open-hearth  billets. 

Peopits  on  sales  and  transfees  of  nARQE  BILLETS. — In  many  cases 
separate  profit  and  loss  records  were  not  kept  showing  the  sales  and 
transfers  of  large  billets  and  profits  thereon  by  grades.  For  this 
reason  it  is  not  practicable  to  give  separately  the  costs,  prices,  and 
profits  for  the  three  kinds  of  large  billets  above  discussed.  Hence, 
the  best  that  can  be  done  is  to  show  the  sales  and  transfers  of  all  large 
billets  taken  together.  The  results  as  shown  by  the  "profit  and  loss 
accounts  follow : 
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The  prodaction  and  the  average  total  book  cost  of  the  three  kinds 
of  large  billets  discussed  above  were  as  follows : 
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Of  this  total  production  of  31,722,860  tons,  5,273,319  tons  were 
sold,  10,645,244  tons  were  transferred  at  a  profit,  and  the  remainder 
was  used  at  cost.  The  average  cost  of  the  quantities  sold  and  traos- 
ferred  at  a  profit  was  $20.56  per  ton  (including  the  additional  costs), 
and  the  average  cost  of  the  total  production,  as  shown  above,  $20.54 
per  ton,  a  difference  of  only  $0.02  per  ton.  This  close  correspondence 
must  be  regarded  more  as  a  coincidence  than  as  a  necessary  condi- 
tion, because  not  only  did  the  quantities  differ  considerably,  but  also 
there  were  substantial  differences  in  the  average  costs  of  the  different 
grades. 

The  average  cost  of  the  tonnage  sold  for  the  five-year  period  was 
$20.70  per  ton,  and  the  average  price  received  was  $24.'30  per  ton, 
affording  an  average  profit  of  $3,60  per  ton.  The  average  price, 
domestic  and  foreign,  received  for  a  considerable  tonnage  of  large 
Bessemer  billets  (2,736,027  tons)  for  the  period  1902  to  1906  was 
$23.31,  and  of  basic  open-hearth  billets  (1,860,632  tons)  $24.25. 

The  average  cost  of  the  quantity  transferred  at  a  profit  for  the  five- 
year  period  was  $20.49  per  ton,  the  average  transfer  price  was  $21.35 
per  ton,  and  the  average  transfer  profit  was  $0,86  per  ton.  The  av- 
erage transfer  profit  ranged  from  $0.36  per  ton  in  1906  to  $1,78  in 
1902,  While  the  profits  on  the  large  billets  transferred  at  a  profit 
were  not  large  compared  with  those  on  the  sales,  the  average  profit 
of  $0.86  per  ton  on  10,645,244  tons,  one-third  of  the  total  production, 
is  not  by  any  means  insignificant. 

The  average  profit  on  sales  and  transfers  at  a  profit  combined  has 
little  significance  so  far  as  a  study  of  costs  is  concerned,  as  the  profit 
on  sales  did  not  enter  into  the  cost  of  subsequent  products  rolled  from 
large  billets. 

Section  3.  Book  cost  of  small  billets,  1902-1906. 

Small  billets,  as  distinguished  from  large  billets,  are  those  which 
are  less  than  4  by  4  inches  square.  They  are  used  principally  for 
further  conversion  into  light  bands,  hoops,  and  cotton  ties.  The  or- 
dinary sizes  are  2  inches,  1%  inches,  and  1^  inches  square,  cut  to 
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lengths  of  30  feet.  As  in  rolling  large  billets,  the  reduction  from  an 
ingot  to  a  small  billet  is  made  (1)  on  a  blooming  mill  and  (2)  on  a 
finishing  mill.  The  blooming  mill  is  generally  reversible  (see  p.  173) , 
the  space  between  the  rolls  decreasing  as  the  rolling  proceeds.  The 
small  billet  finishing  mill  may  be  either  a  continuous  or  a  "three- 
high  "  mill.  A  continuous  small  billet  finishing  mill  can  not  be  uti- 
lized in  rolling  other  products  while  the  "  three-high  "  mill  may  be 
adapted  for  the  production  of  sheet  bars  and  other  products. 

The  cost  data  secured  by  the  Bureau  for  the  period  1902  to  1906 
covered  the  production  of  both  small  Bessemer  billets  and  small  basic 
open-hearth  billets,  although  the  production  of  the  latter  was  lim- 
ited because  basic  open-hearth  steel  was  not  extensively  produced 
during  this  period. 

Small  Bessemer  billets. — The  production  of  small  Bessemer  bil- 
lets for  the  five-year  period  1902  to  1906  covered  by  the  cost  data 
was  2,686,706  tons.  The  book  costs  of  producing  small  Bessemer 
billets  are  given  by  years  1902  to  1906  and  by  districts  for  the  five- 
year  period,  in  the  two  following  tables : 

Taui  tT.— AVBBAOE  book  COST  OF  SUALL  BBSBEUER  BILLETS,  BY  YEARS,  1X0-1900. 
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The  reported  production  of  small  Bessemer  billets  was  quite  uni- 
form from  year  to  year.  Approximately  one-half  of  the  total  produc- 
tion was  made  in  the  Pittsburgh  district.  The  balance  of  the  produc- 
tion was  principally  in  the  Valley  and  Chicago  districts. 

Raw  material. — The  raw  material  for  producing  small  Bessemer 
billets  was  Bessemer  billet  ingots.  Some  of  the  companies  reporting 
the  costs  of  such  billets  kept  a  separate  cost  of  the  blooms  into  which 
the  ingots  were  rolled  and  then  made  a  small  billet  cost  sheet  from 
blooms.  These  cost  statements  were  ccanbined  in  order  to  put  all  of 
the  costs  upon  the  same  basis,  i.  e.,  upon  the  basis  of  rolling  smdl 
billets  from  ingots.  The  average  cost  of  ingots  per  ton  of  billets  for 
the  five-year  period  was  $16.88  per  ton  and  ranged  from  $15.55  per 
ton  in  1905  to  $18.69  per  ton  in  1903.  The  cost  of  ingots  by  districts 
for  the  five-year  period  ranged  from  $16.49  per  ton  for  the  Valley 
district  to  $17.83  per  ton  for  the  Chicago  district.  This  cost  of 
ingots,  as  in  the  case  of  other  products  rolled  from  ingots,  was  deter- 
mined by  the  price  of  ingots  and  the  net  cost  of  waste  in  rolling. 

The  average  price  of  ingots  corresponded  with  the  works  cost  of 
producing  them,  but  as  there  were  differences  in  the  cost  of  ingots  used  j 
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for  small  billets  and  those  used  for  other  products  them  was  no 
exact  correspondence  between  the  average  price  of  the  ingots  used 
and  the  average  works  cost  of  the  total  quantity  of  ingota  made. 

Hie  quantity  of  Bessemer  billet  ingots  used  in  making  small  Besse- 
mer billets  was  3,100,618  tons,  or  only  10.7  per  cent  of  the  total  Besse- 
mer billet  ingots  reported. 

The  average  price  of  ingots  for  the  five-year  period  was  $16.14  per 
ton  and  ranged  frcan  $14.87  per  ton  in  1906  to  $17.86  per  ton  in 
1903,  Considered  by  districts  for  the  period,  the  price  of  ingots 
ranged  from  $15.75  per  ton  for  the  Valley  district  to  $17.23  per  ton 
for  the  Chicago  district 

The  average  net  cost  of  waste,  which  is  the  difference  between  the 
net  cost  of  the  ingots  per  ton  of  billets  and  the  price  of  the  ingots 
per  ton,  was  $0.74  per  ton  and  ranged  from  $0.68  per  ton  in  1906  to 
$0,83  per  ton  in  1903.  The  average  cost  by  districts  for  the  five-year 
period  ranged  from  $0.60  per  ton  for  the  Chicago  district  to  $0.76 
per  ton  for  the  Pittsburgh  district. 

Cost  above  material. — The  average  cost  above  material  for  the  five- 
year  period  was  $1.82  per  ton,  or  9.7  per  cent  of  the  mill  cost 

The  cost  of  labor  was  the  most  important  item  of  cost  above  ma- 
terial. This  averaged  for  the  five-year  period  $0.66  per  ton  and 
ranged  from  $0.67  per  ton  in  1905  to  $0.77  per  ton  in  1903.  As  in 
the  case  of  large  Bessemer  billets,  the  decline  in  the  cost  of  labor  dur- 
ing the  period  was  probably  due  to  an  increased  output  per  mill  and 
to  the  application  of  labor-saving  devices.  The  average  cost  of 
labor  for  the  five  years,  by  districts,  ranged  from  $0.63  per  ton  for 
the  Valley  district  to  $0.79  per  ton  for  the  Chicago  district 

The  average  cost  of  fuel  was  $0.08  per  ton.  The  range  in  cost  was 
not  large  by  years,  though  there  were  considerable  differences  by 
districts. 

More  steam  was  required  to  reduce  an  ingot  to  a  small  billet  than  to 
a  large  billet  and  consequently  the  cost  of  steam  was  larger  for  small 
Bessemer  billets  than  for  large  Bessemer  billets.  The  average  cost 
was  $0.48  per  ton  and  ranged  from  $0.41  per  ton  in  1906  to  $0.62 
per  ton  in  1903.  Considered  by  districts  for  the  five-year  period  the 
average  cost  of  steam  ranged  from  $0.43  per  t<m  for  the  Pittsburgh 
district  to  $0.56  per  ton  for  the  Valley  district. 

The  average  cost  of  rolls  was  $0.07  per  ton;  of  materials  in  repairs 
and  maintenance,  $0.24  per  ton;  of  supplies  and  tools,  $0.08  per  ton; 
and  of  miscellaneous  and  general  works  expense,  $0.21  per  son. 

Additional  cost.—Uader  this  caption  are  included  the  various  items 
of  expense  found  in  the  profit  and  loss  accounts  which  were  appor- 
tioned to  the  costs  of  the  several  products,  as  elsewhere  described. 
(See  pp.  20-21.)  These  items  are  grouped  under  (1)  general  and 
miscellaneous  expense  and  (2)  depreciation.    The  av^iage  cost  of 
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general  and  miscellaneous  expyense  for  the  five-year  period  1902  to 
1906  was  $0.44  per  ton  and  the  average  cost  of  depreciatiMi  for  the 
same  period  was  $0.54  per  ton.  It  should  be  remembered  that  these 
costs  are  cumulative,  as  the  materials  for  this  and  earlier  stages  of 
manufacture  were  used  at  furnace  or  woAs  cost  and  not  total  book 
cost. 

Totd  hook  coat. — The  mill  cost  of  small  Bessemer  billets  for  the 
five-year  period  1902  to  1906  was  $18.70,  and  adding  the  additional 
cost  derived  from  the  profit  and  loss  accounts,  gave  a  total  book  cost 
of  $19.68  per  ton.  The  total  book  cost  ranged  from  $17.76  per  ton  in 
1905  to  $22.09  in  1903.  The  average  total  book  cost  by  d^tricts  for 
the  five-year  period  ranged  from  $19.26  per  ton  for  the  Pittsburgh 
district  to  $21.94  per  ton  for  the  Chicago  district.  The  cost  for  the 
Valley  district  was  $19.30  per  ton,  or  only  $0.04  per  ton  higher  tiian 
for  the  Pittsburgh  district. 

The  total  book  cost  of  small  Bessemer  billets  for  the  five-year 
period  1902  to  1906  as  stated  above,  was  $19.68  per  ton,  and  the  total 
book  cost  of  large  Bessemer  billets  for  the  same  period  was  $20.18 
per  ton,  or  $0.50  per  ton  mors.  It  should  be  noted  in  this  connection 
that  there  were  great  differences  in  the  costs  of  raw  material  and  that 
the  group  of  plants  whose  costs  were  averaged  for  one  product  was 
not  the  same  as  the  group  for  another  product.  Thus,  large  Besse- 
mer billets  were  made  by  a  large  number  of  plants,  while  small  Besse- 
mer billets  were  made  by  comparatively  few  and  in  srane  cases  dif- 
ferent plants. 

As  in  the  case  of  preceding  products,  these  total  book  costs  of  small 
Bessemer  billets  include  profits  arising  from  the  transfer  of  materials 
(principally  ore,  coke,  and  pig  iron)  at  prices  above  the  actual  cost 
of  production,  the  profits  of  which  accrued  to  the  same  companies  or 
interests. 

Small  basic  open-hearth  bilutts. — The  production  of  small  basic 
open-hearth  billets  for  the  five-year  period  1902  to  1906  was  908,343 
tons.  In  the  following  table  are  given  the  average  book  costs  of 
producing  small  basic  open-hearth  billets  by  years  1902  to  1906 : 

Table  49. — ATBBAQE  BOOK  C 
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TiBU  M.-AVERAOK  BOOK  COST  OF  BUALL  BAmC  OPEN-HEARTH  BILLETS,  STCU- 
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The  reported  quantity  of  small  basic  open-hearth  billets  produced 
ranged  from  58,425  tons  in  1902  to  312,513  tons  in  1906.  There  was 
an  uninterrupted  increase  in  production  during  this  period.  The  ton- 
nage produced  in  1906  was  more  than  five  times  as  much  as  the 
production  in  1902, 

Saw  material. — The  raw  material  for  producing  small  basic  open- 
hearth  billets  was  basic  open-hearth  ingots  and  the  average  cost  of 
such  ingots  for  the  five-year  period  1902  to  1906  was  $17,04  per  ton 
of  billets  and  ranged  from  $15.66  per  ton  in  1905  to  $19.90  per  ton 
itt  1902. 

The  average  price  of  ingots  for  the  five-year  period  was  $16.12 
per  ton  and  ranged  from  $14.86  per  ton  in  1905  to  $18.45  per  ton  in 
1902.  The  average  price  of  $16.12  per  ton  was  $1.29  per  ton  less 
than  the  average  works  cost  of  all  the  basic  open-hearth  ingots  pro- 
duced. This  was  due  almost  entirely  to  the  fact  that  small  basic 
open-hearth  billets  were,  for  the  most  part,  produced  in  districts  in 
which  the  costs  of  ingots  were  below  the  average  for  all.  The  quan- 
tity of  basic  open-hearth  ingots  used  was  1,090,558  tons,  or  only  4.4 
per  cent  of  the  total  basic  open-hearth  ingots  made. 

The  average  net  cost  of  waste  was  $0.92  per  ton  and  ranged  from 
$0.80  per  ton  in  1905  to  $1.45  per  ton  in  1902.  This  wide  variation 
was  due  largely  to  differences  in  the  average  price  of  ingots,  although 
the  quantity  of  ingots  required  was  larger  in  1902  than  in  1905 
(2,721  pounds  as  against  2,701  pounds) . 

Oost  above  material. — The  average  cost  above  material  for  the  five- 
year  period  was  $1.89  per  ton,  or  almost  exactly  10  per  cent  of  the 
mill  cost. 
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The  item  of  labor  was  the  most  important.  For  the  five-jeu 
period  the  average  cost  was  $0.74  per  ton  and  ranged  from  $0.58  per 
ton  in  1906  and  1906  to  $1.82  per  ton  in  1902.  The  extremely  hig^ 
average  cost  in  1902,  and  to  some  extent  in  1903,  was  due  to  a  small 
output  and  to  the  unfavorable  conditions  of  cost  at  one  plant,  pro- 
ducing in  1902  about  40  per  cent  of  the  total. 

The  average  cost  of  the  fuel  was  only  $0,06  per  ton.  It  averaged 
the  same  for  three  years  of  the  period.  The  average  cost  in  1902 
was  considerably  higher,  due  to  the  conditions  already  noted. 

The  average  cost  of  steam  was  $0.46  per  ton  and  ranged  from 
$0.85  per  ton  in  1905  to  $0.69  per  ton  in  1903. 

For  the  five-year  period  the  average  cost  of  rolls  was  $0.07  per  ton; 
of  materials  in  repairs  and  maintenance,  $0.27  per  ton ;  of  supplies 
and  tools,  $0.08  per  ton;  and  of  miscellaneous  and  general  works 
exjwnse,  $0.21  per  ton. 

Additional  cost. — The  items  un^ler  this  head  were  derived  from 
the  profit  and  loss  accounts  and  include  (1)  general  and  miscellane- 
ous expense  and  (2)  depreciation.  The  average  cost  of  general  and 
miscellaneous  expense  for  the  five-year  period  was  $0.34  per  ton  and 
the  average  cost  of  depreciation  was  $0.40  per  ton  for  the  same 
period.  As  already  noted,  each  product  from  pig  iron  on  was  gen- 
erally charged  to  the  next  step  at  furnace  or  works  cost  instead  of 
total  book  cost,  with  the  result  that  these  items  increase  in  a  cumula- 
tive manner. 

Total  hook  cost. — ^The  mill  cost  of  small  basic  open-hearth  billets 
for  the  five-year  period  1902  to  1906  was  $18.93,  and  adding  the 
additional  costs  derived  from  the  profit  and  loss  accounts,  gave  a 
total  bocdr  cost  of  $19.67  per  ton.  The  total  book  cost  ranged  from 
$17.71  per  ton  in  1905  to  $24.33  per  ton  in  1902. 

The  remarks  made  under  the  heading  of  small  Bessemer  billets, 
relative  to  large  Bessemer  billets  costing  more  than  small  Bessemer 
billets,  apply  also  here.  By  a  comparison  it  will  be  seen  that  small 
basic  open-hearth  billets  cost  less  than  large  basic  open-hearth  billete, 
for  the  reasons  previously  noted. 

It  should  be  remembered  that  these  total  book  costs  are  not  net 
costs,  as  they  include  profits  arising  from  the  use  of  materials  at 
prices  above  the  actual  cost  of  production  which  accrued  to  the  same 
companies  or  interests. 

Profits  on  sales  and  transpbbs  of  eMAUi  billets. — Small  Besge- 
mer  bUleta.—Tht  production  of  small  Bessemer  billets  for  the  five- 
year  period  1902  to  1906  covered  by  the  foregoing  cost  statement  was 
2,686,706  tons.  Of  this  total  quantity  approximately  71  per  cent 
was  used  at  mill  cost  in  the  manufacture  of  lighter  rolled  products. 
The  remainder  was  either  sold  or  transferred  at  a  profit.  In  the 
following  table  are  given  the  book  costs,  prices,  and  profits  for  the 
small  Bessemer  billets  sold  or  transferred  at  a  profit,  by  years,  1902 
to  1906. 
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(In  dollus  per  gross  Con.] 
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The  quantity  sold  for  the  five-year  period  1902  to  1906  was  431,737 
ions.  The  average  cost  of  producing  this  tonnage  was  $18.84  per 
ton,  and  the  average  price  received  was  $22.96  per  ton,  affording  an 
average  profit  of  $4.12  per  ton. 

The  quantity  transferred  at  a  profit  was  340,816  tons.  The  aver- 
age cost  of  producing  this  tonnage  was  $21.29  per  ton  and  the  aver- 
age price  received  was  $24.17  per  ton,  affording  an  average  profit 
of  $2.88  per  ton.  The  average  transfer  profit  ranged  from  $1  per 
ton  in  1904  to  $4.05  per  ton  in  1905. 

The  total  profit  on  the  sales  and  transfers  at  a  profit  has  little  sig- 
nificance 80  far  as  a  study  of  costs  is  concerned. 

Smalt  basic  open-hearth  hiUets. — The  total  production  of  small 
basic  open-hearth  billets  for  the  five-year  period  1902  to  1906  was 
908,343  tons,  and  of  this  quantity  nearly  90  per  cent  was  used  at 
miU  cost  in  the  manufacture  of  light  rolled  products.  Of  the  re- 
maining 10  per  cent  only  a  very  small  quantity  was  transferred  at  a 
profit,  the  balance  being  sold. 

The  following  table  gives  the  book  costs,  prices,  and  profits  for  the 
sales  and  transfers : 
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The  quantity  sold  for  the  fire-year  period  1902  to  1906  was  82,386 
tons.  The  average  cost  of  this  tonnage  was  $22.10  per  ton  and  the 
average  price  received  was  $23  per  ton,  affording  an  average  profit 
of  $0.90  per  ton.  In  1902  the  sales  of  small  basic  billets  resulted  in 
a  loss  of  $2.4:9  per  ton,  and  in  1903  a  loss  of  $0.48  per  ton.  The  losses 
shown  are  based  on  book  costs  and  not  on  net  costs. 

The  quantity  transferred  at  a  profit  was  only  16,526  tons,  and  the 
average  transfer  profit  was  $3  per  ton.  In  view  of  the  small  tonnage 
involved,  the  amount  of  this  profit,  as  related  to  the  cost^  of  suc- 
ceeding products  made  irom  small  billets,  was  insignificant. 

Section  4.  Book  cost  of  sheet  bars,  1902-1906. 

A  sheet  bar  is  made  by  rolling  an  ingot  down  to  a  flat  rectangnlar 
section  suitable  for  further  rolling  into  sheets.  The  common  dimen- 
sions of  sheet  bars  are  about  8  inches  wide,  f  inch  to  J  inch  thick,  cut 
to  lengths  of  30  feet.  They  are  rolled  in  the  same  way  and  on  the 
same  type  of  mill  as  small  billets.     {See  p.  193.) 

The  cost  data  secured  by  the  Bureau  for  the  period  1902  to  1906 
covered  the  production  of  both  Bessemer  sheet  bars  and  open-hearth 
sheet  bars. 

Bessemer  sheet  barb. — The  total  production  of  Bessemer  sheet 
bars  covered  by  cost  data  for  the  five-year  period  1902  to  1906  was 
4,808,673  tons.  In  addition  to  this  tonnage  small  lots  of  bars  were 
reported  which  were  made  in  connection  with  certain  other  products 
and  for  which  the  separate  cost  of  bars  could  not  be  stated.  The 
total  quantity  was,  however,  small,  and  if  included  would  not  have 
affected  perceptibly  the  total  average  cost. 

In  the  two  following  tables  the  book  costs  of  producing  Bessemer 
sheet  bars  are  given  (1)  by  years  1902  to  1906  and  (2)  by  districts 
for  the  five-year  period : 

ST  OF  BESSEUER  SHEET  BARS,  BT  YEAB8,  imi-lM)& 
[lu  doUua  pra  gross  too.] 
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Tabli  £1.— average  BOOK  COST  OF  BESSEIIER  SHEET  BARB,  ETC.— CoDtlDDML 
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at  dlatrieU  g«  Table  XIV,  p.  (58. 


The  production  of  Bessemer  sheet  bars  covered  by  the  cost  state- 
ment ranged  from  564,991  tons  in  1902  to  1,329,722  tons  in  1906. 
The  production  showed  a  steady  increase  during  the  period,  notwith- 
standing the  depression  in  the  iron  and  steel  industry  in  1904.     The 
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output  of  sheet  bars  was  not  affected  to  any  great  extent  by  the 
general  condition  of  the  iron  and  steel  industry,  because  the  bars  were 
used  for  products  which  were  sold  ultimately  to  consumers  whose 
demands  were  fairly  constant  These  Bessemer  sheet  bars  were 
produced  in  three  districts,  namely,  Valley,  Wheeling,  and  Pitts- 
burgh. 

Raw  material. — ^The  raw  material  for  the  production  of  Bessemer 
sheet  bars  was  Bessemer  billet  ingots,  and  the  average  cost  of  the 
ingots  per  ton  of  sheet  bars  for  the  five-year  period  1902  to  1906  was 
$16.45,  and  ranged  frwn  $15.37  per  ton  in  1905  to  $18.38  per  ton  in 
1903.  The  average  cost  by  districts  for  the  five-year  period  was 
$15.79  per  ton  for  the  Kttsburgh  district,  $16.06  per  ton  for  the 
Valley  district,  and  $17.18  per  ton  for  the  Wheeling  district.  As  in 
the  case  of  other  rolled  products,  the  cost  of  ingots  per  ton  of  sheet 
bars  was  determined  by  the  price  of  ingots  per  ton  and  the  net  cost 
of  waste  in  rolling. 

The  average  price  of  the  ingots  for  the  five-year  period  was  $15,76 
per  tc«i.  Practically  all  of  the  ingots  were  used  at  their  works  cost, 
although  the  average  price  was  considerably  less  than  the  average  cost 
of  the  total  production  of  Bessemer  billet  ingots,  due  to  the  fact  that 
the  average  cost  of  ingots  in  the  districts  in  which  sheet  bars  were 
made  was  lower  than  the  average  cost  for  all.  The  total  quantity  of 
Bessemer  billet  ingots  used  was  5,503,917  tons,  or  18,9  per  cent  of  the 
total  production  of  Bessemer  billet  ingots.  The  average  price  of 
ingots  ranged  from  $14.78  per  ton  in  1905  to  $17.44  per  ton  in  1903. 
Considered  by  districts  for  the  five-year  period  1902  to  1906  the 
average  price  of  ingots  was  $16.12  per  ton  for  the  Pittsburgh  district, 
$15.36  per  ton  for  the  Valley  district,  and  $16.49  per  ton  for  the 
Wheeling  district. 

The  average  net  cost  of  waste,  i,  e.,  the  cost  of  the  gross  loss  in 
weight  less  the  value  of  scrap  recovered,  was  $0.70  per  ton,  and 
ranged  from  $0.59  per  ton  in  1905  to  $0.94  per  ton  in  190S.  For  the 
five-year  period  the  average  net  cost  of  waste  was  $0.69  per  ton  for 
the  Wheeling  district,  $0.67  per  ton  for  the  Pittsburg  district,  and 
$0.70  per  ton  for  the  Valley  district. 

Coat  above  material. — ^The  average  cost  above  material  of  Bessemer 
sheet  bars  for  the  five-year  period  was  $1.69  per  ton,  or  9.3  per  cent 
of  the  mill  cost. 

The  average  cost  of  labor,  the  most  important  single  item,  was  $0.57 
per  ton,  and  ranged  from  $0.49  per  ton  in  1905  to  $0.73  per  ton  in 
1902,  The  declining  annual  average  labor  cost  followed  the  same 
general  trend  as  for  large  and  small  billets,  and  was  due,  apparently', 
to  an  increased  production  at  the  best  equipped  plants,  in  which  the 
labor  coats  were  the  lowest.  The  average  labor  costs  for  the  Valley, 
Pittsburgh,  and  Wheeling  districts  for  the  period  were  nearly  the 
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same,  namely,  $0.56  per  ton,  $0.59  per  ton,  and  $0.58  per  ton, 
respectively. 

The  average  cost  of  fuel  was  only  $0.06  per  ton,  and^  showed  no 
appreciable  variation  by  years  or  by  districts  for  the  five-year  period. 

The  average  cost  of  steam  was  $0.50  per  ton,  and  the  cost  for  any 
year  did  not  differ  from  this  average  more  than  $0,08  per  ton.  Con- 
sidered by  districts  for  the  period,  however,  the  range  was  from  $0.37 
per  ton  for  the  Pittsburgh  district  to  $0.54  per  ton  for  the  Valley 
district,  a  difference  of  $0.17  per  ton. 

For  (iie  five-year  period  the  average  cost  of  rolls  was  $0.05  per 
ton;  of  materials  in  repairs  and  maintenance,  $0-20  per  ton;  of  sup- 
plies and  tools,  $0.06  per  ton;  and  of  miscellaneous  and  general  works 
expense,  $0.25  per  ton. 

Additional  cost. — The  additional  cost  was  derived  from  the  profit 
and  loss  accounts  of  the  compwiies,  and  the  items  are  grouped  under 
the  headings  of  (1)  general  and  miscellaneous  expense  and  (2)  de- 
preciation. The  average  cost  of  general  and  miscellaneous  expense 
for  the  five-year  period  was  $0.43  per  ton,  and  the  average  cost  of 
depreciation  for  the  same  period  was  $0.41  per  ton.  As  the  raw 
materials  for  this  and  preceding  stages  of  production  were  used  at 
furnace  or  works  cost,  instead  of  at  total  book  cost,  these  items  of 
additional  cost  increase  in  a  cumulative  way. 

Total  hook  (Ws*.— The  average  mill  cost  of  Bessemer  sheet  bars 
for  the  five-year  period  1902  to  1906  was  $18.14  per  ton,  and  adding 
the  additional  costs  derived  from  the  pn^t  and  loss  accounts  gave 
a  total  book  cost  for  the  period  of  $18.98  per  ton.  The  range  of  total 
book  costs  by  years  was  from  $17.40  per  ton  in  1905  to  $2L54  per  ton 
in  1903,  and  by  districts  for  the  five-year  period  1902  to  1906,  from 
$18.09  for  the  Pittsburgh  district  to  $19.71  for  the  Wheeling  district. 

The  total  book  costs,  as  in  the  case  of  other  r<dled  products  here 
under  consideration,  are  not  net  costs,  as  they  include  profits  arising 
from  the  transfer  of  materials  at  prices  above  the  actual  costs  of 
production,  which  accrued  to  the  same  companies  or  interests  as 
produced  these  Bessemer  sheet  bars. 

It  should  be  noted  that  the  avert^e  costs  of  Bessemer  sheet  bars 
were  below  the  average  costs  of  Bessemer  billets.  As  previously 
stated  there  were  great  differences  in  the  costs  of  different  products 
at  different  plants,  as  well  as  differences  in  the  number  of  plants  pro- 
duemg  a  given  product.  Bessemer  billets  were  produced  by  a  great 
number  of  plants,  while  Bessemer  sheet  bars  were  produced  by  a  com- 
paratively small  number.  Bessemer  sheet  bars  produced  at  any  given 
plant,  the  cost  of  raw  materials  being  the  same,  would  cost  more  than 
large  billets. 

Open-hbabth  sheet  barb.— The  total  production  of  open-hearth 
Bheet  bars  for  the  five-year  period  1902  to  1906,  /or  which  cost  data 
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were  obtained,  was  1,241,072  tons.  About  60  per  cent  of  this  tonnage 
was  made  from  acid  open-hearth  steel  and  about  40  per  cent  from 
basic  open-hearth  steel.  It  was  not  possible,  however,  from  the  cost 
reports,  to  separate  the  coats  of  producing  sheet  bars  from  the  two 
kinds  of  open-hearth  steel. 

The  book  costs  of  producing  open-hearth  sheet  bars  by  years  1902 
to  1906,  and  by  districts  for  the  five-year  period  are  given  in  the  two 
following  tables : 

TXEtmH,— AVERAGE  BOOK  COST  OF  OFEN-HEABTB  SHEET  BARS.  BY  YEARS,  OOi-Vm. 
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TlBLI  U.— AVBRAQB  BOOK    COST   OF  OFEN-HEARTH   SHEET  BARS,  ETC.— CDDtlnil»d. 
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The  production  of  open-hearth  sheet  bars  covered  by  the  cost  state- 
ments ranged  from  182,260  tons  in  1902  to  348,755  tons  in  1906.  Open- 
hearth  sheet  bars  were  produced  during  this  period  in  the  Chicago, 
Valley,  Pittsburgh,  and  Wheeling  districts,  but,  on  account  of  the 
individual  character  of  the  data,  the  costs  for  the  Chicago  and  Val- 
ley districts  have  been  combined.  The  greater  part  of  the  production 
of  open-hearth  sheet  bars  was  in  the  Pittsburgh  district,  namely, 
80.3  per  cent  of  the  total. 

Raw  material. — The  raw  material  for  producing  open-hearth  sheet 
bars,  as  already  noted,  consisted  of  both  acid  and  basic  <^)en-hearth 
ingots,  about  60  per  cent  of  the  former  and  40  per  cent  of  the  latter. 
The  average  cost  of  ingots  per  ton  of  open-hearth  sheet  bars  for  the 
five-year  period  was  $21.11,  and  ranged  from  $18.82  per  ton  in 
1904  to  $24.04  per  ton  in  1903.  Considered  by  districts  for  the 
five-year  period  the  average  cost  of  ingots  was  $20  per  ton  for 
the  Chicago  and  Valley  group,  $20.79  per  ton  for  the  Pittsburgh 
district,  and  $23.81  per  ton  for  the  Wheeling  district. 

The  price  of  ingots  corresponded  with  the  works  cost  of  producing 
them.  However,  it  is  not  possible  to  show  the  connection  of  the  price 
of  ingots  to  the  cost  of  ingots  as  previously  done,  on  account  of  the 
mixture  of  acid  and  basic  open-hearth  steel  and  also  because  the 
ingots  used  for  open-hearth  sheet  bars  comprised  only  a  small  part 
of  the  total  ingot  production.  The  average  price  of  the  ingots  was 
f  19.84  per  twi,  and  ranged  from  $17.65  per  ton  in  1904  to  $22.60  per 
ton  in  1903.  For  the  five-year  period  the  average  price  was  $18.28 
per  ton  for  the  Chicago  and  Valley  group,  $19.63  per  ton  for  the 
Pittsburgh  district,  and  $22.05  per  ton  for  the  Wheeling  district 

The  average  net  cost  of  waste — the  connecting  link  between  the 
price  of  the  ingots  per  ton  and  the  cost  of  ingots  per  ton  of  sheet 
bars— was  $1.27  per  ton,  and  ranged  from  $1.17  per  ton  in  1904  to 
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$1.44  per  ton  in  1903.  The  average  net  cost  of  waste  for  the  five-year 
period  by  districts  was  only  $1.16  per  ton  for  the  Pittsburgh  district, 
as  compared  with  $1,76  per  ton  for  the  Wheeling  district  and  $1.72  j 
per  ton  for  the  Chicago  and  Valley  group.  The  low  net  cost  of  waste 
for  the  Pittsburgh  district  was  due  principally  to  the  low  require- 
ment of  ingots  per  ton  of  bars. 

Ooit  above  material. — The  average  cost  above  material  for  the  five- 
year  period  was  $2.52  per  ton,  or  10,7  per  cent  of  the  mill  cost. 

The  labor  cost  averaged  $0.88  per  ton,  and  ranged  from  $0.80  per 
ton  in  1905  to  $0.98  per  ton  in  1903.  The  course  of  the  average  cost 
of  labor  was  similar  to  that  for  Bessemer  sheet  bars,  and  the  declining 
cost  was  due  to  the  increased  output  and  to  the  application  of  labor- 
saving  devices.  Considered  by  districts  for  the  five-year  period  the 
average  labor  cost  was  $0.71  per  ton  for  the  Pittsburgh  district,  $1.36 
for  the  Chicago  and  Valley  group,  and  $1,68  per  ton  for  the  Wheeling 
district 

The  item  of  fuel  for  open-hearth  sheet  bars  was  relatively  more 
important  than  for  Bessemer  sheet  bars.  The  average  cost  of  this 
item  for  the  five-year  period  was  $0.27  per  ton,  and  ranged  frMn 
$0.21  per  ton  in  1905  to  $0,32  per  t<Hi  in  1903.  This  high  cost  was 
due  to  the  reheating  of  a  large  quantity  of  steel.  The  differences  in 
the  average  costs  of  fuel  are  more  noticeable  when  considered  by 
districts.  The  Pittsburgh  district  for  the  five-year  period  showed  s 
cost  of  only  $0.18  per  ton,  while  the  average  cost  for  the  Wheeling 
district  was  $0.67  per  ton,  and  the  average  cost  for  the  Chicago  and 
Valley  group  was  $0.63  per  ton. 

The  average  cost  of  steam  was  $0.63  per  ton,  and  ranged  from  $0.54 
per  ton  in  1904  to  $0.71  per  ton  in  1906.  The  average  cost  by  dis- 
tricts for  the  five-year  period  was  $0,52  per  ton  for  the  Wheeling 
district,  $0.63  per  ton  for  the  Pittsburgh  district,  and  $0.79  per  ton 
for  the  Chicago  and  Valley  group.  These  differences  in  the  average 
costs  by  districts  were  due  in  part  to  the  use  of  gas  from  blast  fur- 
naces connected  with  the  plant, 

TTie  average  cost  of  rolls  for  the  five-year  period  was  $0.07  per  ton; 
of  materials  in  repairs  and  maintenance,  $0.23  {>er  ton;  of  supplies 
and  tools,  $0.07  per  ton;  and  of  miscellaneous  and  general  works 
expense,  $0.37  per  ton. 

Additional  coat. — The  items  under  this  heading  were  derived  from 
the  profit  and  loss  acounts  of  the  companies,  and  apportioned  by  the 
Bureau  in  the  manner  elsewhere  described.  (See  pp.  20-21.)  They 
are  grouped  under  (1)  general  and  miscellaneous  expense,  and  (2)  de- 
preciation. The  average  cost  of  general  and  miscellaneous  expense 
for  the  five-year  period  was  $0.58  per  ton,  and  the  average  cost  of 
depreciation  for  the  same  period  was  $0.37  pw  ton.    As  already 
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noted,  each  product  irom  pig  iron  oa  was  generally  charged  to  the 
next  step  at  furnace  or  works  cost  instead  of  total  book  cost,  with 
the  result  that  these  items  of  additional  cost  increase  in  a  cumulfttive 


Total  hook  cost. — ^The  average  mill  cost  of  oprai-hearth  sheet  bars 
for  the  five-year  period  1902  to  1906  was  $23.63  per  ton.  Adding  to 
this  the  additional  costs  mentioned  above,  which  were  derived  from 
the  profit  and  loss  accounts,  gave  a  total  book  cost  of  $24.58.  The 
total  book  cost  ranged  by  years  from  $21.78  per  ton  in  1904  to  $28.37 
per  ton  in  1903.  The  average  cost  in  1905,  namely,  $21.86  per  ton, 
was  nearly  as  low  as  the  average  cost  in  1904.  The  total  book  cost 
by  districts  for  the  five-year  period  was  $24.05  per  ton  for  the  Pitts- 
burgh district,  $25.12  per  ton  for  the  Chicago  and  Valley  grpup,  and 
$27.68  per  ton  for  the  Wheeling  district. 

As  in  the  case  of  Bessemer  sheet  bars  and  other  products  here 
under  consideration,  these  total  book  costs  are  not  net  costs,  as  they 
include  profits  arising  from  the  transfer  of  materials  (principally 
ore,  coke,  and  pig  iron)  at  prices  above  the  actual  cost  of  production 
which  accrued  to  the  same  companies  or  interests  as  produced  these 
open-hearth  sheet  bars. 

Profits  on  sales  and  tbansfebs  of  sheet  b&bs. — Bessemer  sheet 
bars. — The  production  of  Bessemer  E^eet  bars  for  the  five-year 
period  1902  to  1906  covered  by  the  foregoing  cost  statements  was 
4,808,673  tons.  Of  this  total  quantity,  1,406,509  tons,  or  approxi- 
mately 30  per  cent,  were  sold,  and  the  remainder  was  used  at  a  profit 
in  the  manufacture  of  sheets. 

The  book  costs,  prices,  and  profits  for  Bessemer  ^eet  bars  sold  or 
transferred  at  a  profit  are  given  by  years,  1902  to  1906,  in  the  follow- 
ing table : 
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The  total  quantity  of  Bessemer  ^eet  bars  produced  for  the  five 
years  1902  to  1906  was  4^08,678  tons,  and  the  quantity  sold  and  trans- 
ferred for  the  same  period  was  4^53,690  tons,  the  difference  being 
due  to  a  decrease  in  the  inventory  of  bars  on  hand.  The  average  total 
hook  cost  of  the  quantity  produced  and  the  average  cost  of  the  quan- 
tity sold  and  transferred  at  a  profit  were  identical,  namely,  $18.98 
per  ton. 

The  average  cost  of  the  quantity  sold  was  $18.38  per  ton,  and  the 
average  price  received  was  $20.68  per  ton,  affording  an  average  profit 
of  $2.30  per  ton.  Bessemer  sheet  bars  were  sold  in  1904  at  an  average 
loss  of  $0,65  per  ton.  This  loss,  however,  is  based  on  a  comparison 
with  book  costs  and  not  with  net  costs.  The  average  cost  of  the  quan- 
tity transferred  at  a  profit  for  the  five-year  period  was  $19.23  per  ton, 
and  the  average  transfer  price  was  $22.29  per  ton,  giving  an  average 
profit  for  the  period  of  $3.06  per  ton,  which  ranged  from  $2.36  per  ton 
in  1903  to  $3.66  per  ton  in  1902. 

As  the  sales  of  Bessemer  sheet  bars  did  not  enter  in  any  consider- 
able degree  into  the  costs  of  subsequent  products  made  from  bars, 
which  are  covered  in  these  cost  statements,  the  average  profit  on  the 
sales  and  transfers  combined  has  little  significance  so  far  as  this  dis- 
cussion of  c<«tfi  is  concerned. 

Open-hearth  sheet  bars. — ^The  production  of  open-hearth  sheet  bars 
for  the  five-year  period  1902  to  1906,  covered  by  preceding  cost  data, 
was  1,241,072  tons.  Of  this  total  quantity  approximately  72  per  cent 
was  used  at  cost  in  the  manufacture  of  lighter  rolled  products.  The 
remainder  was  either  sold  or  transferred  at  a  profit. 

In  the  following  table  are  given  the  book  costs,  prices,  and  profits 
for  open-hearth  sheet  bars  sold  or  transferred  at  a  profit  by  years 
1902  to  1906: 
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The  quantity  sold  for  the  fire-year  period  1903  to  1906  was  139,796 
tosB.  The  average  cost  of  producinf;  this  tonnage  was  $25.09  per 
ton,  and  the  average  price  received  was  $26.11  per  ton,  affording  an 
average  pn^t  of  $1.02  per  ton.  Open-hearth  sheet  bars  were  sold 
at  an  avera^  loss  of  $0.76  per  ton  in  1901,  and  at  an  average  profit 
of  $2.90  per  ton  in  1906. 

For  the  five-year  period  208,452  tons  were  transferred  at  a  loss. 
The  average  cost  of  this  quantity  was  $25.26  per  ttm,  and  the  average 
transfer  price  was  $24.83  per  ton,  or  $0.43  per  ton  less  than  the 
average  cost.  These  open-hearth  sheet  bars  were  used  in  the  manu- 
facture of  lighter  rolled  products  at  a  loss  each  year  of  the  period. 
This  loss  ranged  from  $0.06  per  ton  in  190t>  to  $0.92  per  t<Hi  in  1903. 
This  fact,  however,  does  not  materially  affect  the  cost  of  products 
made  from  sheet  bars,  for  the  reason  that  the  quantity  transferred 
at  a  loss  was  comparatively  small. 

The  losses  shown,  however,  are  based  on  a  OMnparison  with  boob 
costs  and  not  with  net  costs. 

Seetlon  S.  Book  eoit  of  raila,  1902-1906. 

The  manufacture  of  rails  forms  an  important  part  of  the  steel 
industry.  They  are  made  by  rolling  an  ingot  down  to  the  desired 
shape  and  weight  The  ingot  is  reduced  to  the  size  of  a  bloom  (for 
example,  6  inches  by  8  inches)  on  a  blooming  mill,  and  then  the  final 
psrt  of  the  rolling  is  done  on  a  rail  finishing  mill.  On  the  rail  finish- 
ing mill  the  bloom  is  gradually  reduced  by  passing  suocessively 
through  the  differently  designed  grooves  in  the  rolls. 

Rails  are  not  a  particularly  simple  product,  because  they  have  to 
be  made  with  great  care  and  according  to  exact  specifications.  There 
is  a  much  lai^;er  gross  loss  in  weight  in  rolling  than  for  billets  or 
sheet  bars,  on  account  of  the  extensiTe  cropping  of  the  ends  of  the 
material.  Furthermore,  rails  require  considerable  labor  for  straight- 
ening and  finishing  after  they  are  cold. 

Rails  are  made  from  both  Bessemer  and  open-hearth  3t«eli  although 
daring  the  period  1902  to  1906  the  production  of  open-hearth  rails 
was  relatively  imimpprtant  The  production  of  open-hearth  rails 
in  no  year  amounted  to  over  7  per  cent  of  the  total  rail  production. 
The  weight  of  rails  per  yard  varies  greatiy,  ranging  from  only  a 
few  pounds  per  yard  to  more  than  100  pounds.  Rails  are  distin- 
guished as  either  heavy  or  li^t.  Heavy  raits,  as  classified  by  the 
Bureau,  are  those  which  weigh  50  pounds  per  yard  or  more,  and  light 
rails  are  those  which  weigh  less  than  50  pounds  per  yard. 

HsAVT  RAILS. — The  production  of  heavy  rails  reported  by  the  com- 
paniee  furnishing  cost  data  to  the  Bureau  for  the  five-year  period 
1902  to  1906  was  14,020,303  tons.    This  was  practically  the  total  pro- 
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duction  of  heavy  rails  made  in  the  United  States  during  the  period. 
The  American  Iron  and  Steel  Association  reported  the  production  of 
heavy  rails,  45  pounds  and  over,  made  during  the  period  1902  to  1906 
as  14,291,041  tons,  but  this  tonnage  included  a  small  quantity  of 
girder  rails,  and,  owing  to  the  difference  in  classificati(m,  the  exact  I 
percentage  of  heavy  rails  can  not  be  computed,  but  practically  all  of 
the  production  of  such  rails  is  covered  by  the  Bureau's  figures. 

Of  the  total  production  of  heavy  rails  covered  by  cost  returns, 
namely,  14,020,803  tons,  13,533,157  tons,  or  96.5  per  cent,  were  Bes- 
semer, and  487,146  tons,  or  3.5  per  cent,  were  open  hearth.  The  small 
production  of  open-hearth  rails  was  entirely  from  the  South,  the  i 
annual  output  ranging  from  only  3,698  tons  in  1902  to  163,853  tons 
in  1906. 

In  the  two  following  tables  the  book  costs  of  producing  heavy  rails 
are  given  (1)  by  years,  1902  to  1906,  and  (2)  1^  districts  for  the  five- 
year  period : 

Tuu  tg.— AVEBAQE  BOOK  COST  07  HEAVY  SAH£,  BY  YEARS,  1«O-lg06. 
[Id  dollan  p«r  gran  ton.] 
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The  production  of  heavy  rails  reported  ranged  from  2,039,875  tons 
in  1904  to  3,452,590  tons  in  1906.  The  depression  in  the  iron  and 
steel  industry  in  1904  had  a  marked  effect  upon  this  branch  of  the 
industry,  as  railroads  are  the  first  to  reduce  the  volume  of  their 
purchases  in  dull  times.  The  greater  part  of  the  production  was 
from  the  Chicago  and  Western,  Pittsburgh,  and  Eastern  districts. 
As  already  noted,  the  total  includes  487,146  tons  of  Southern  open- 
hearth  rails,  the  remainder  of  the  reported  production  being  of  Besse- 
mer quality. 

Raw  matenal. — The  raw  material  for  the  production  of  the  Besse- 
mer heavy  rails  was  Bessemer  rail  ingots.  For  the  production  of  the 
small  quantity  of  Southern  open-hearth  rails  basic  open-hearth  ingots 
were  used.  The  average  cost  of  ingots  per  ton  of  rails  for  the  five- 
year  period  1902  to  1906  was  $18.29  and  ranged  from  $17.18  per  ton 
in  1904  to  $19.25  per  ton  in  1908.    Considered  by  districts  for  the  five- 
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year  period  flie  cost  of  ingots  per  ton  of  Bessemer  rails  ranged  from 
$16.67  per  ton  for  the  Pittsburgh  district  to  $20.04  per  ton  for  the 
Eastern  district  The  cost  of  the  Southern  basic  open-hearth  ingots  i 
was  still  higher,  namely,  $21.02  per  ton  of  rails.  ' 

The  average  price  of  ingots  (nearly  all  Bessemer  rail  ingots)  cor- 
responded closely  with  the  works  cost  of  producing  them.  The 
average  works  coat  of  Bessemer  rail  ingots  was  $17.15  per  ton  (see 
p.  141) ,  and  the  average  price  at  which  these  ingots  were  used  was 
$17.12  per  ton,  showing  a  difference  for  the  five-year  period  of  only  \ 
$0.03  per  ton.  This  average  price  ranged  from  $16.03  per  ton  in 
1904  to  $18.15  per  ton  in  1903.  The  average  price  of  the  Bessemer 
rail  ingots  by  districts  for  the  five-year  period  ranged  from  $15.73 
per  ton  for  the  Pittsburgh  district  to  $18.92  per  ton  for  the  Eastern 
district 

The  average  net  cost  of  waste — that  is,  the  cost  of  the  gross  loss  in 
wei^t  less  the  value  of  the  scrap  recovered — was  $1.17  per  ton,  and 
ranged  from  $1.04  per  ton  in  1902  to  $1.26  per  ton  in  1906.  The 
average  net  cost  of  waste  in  1905,  namely,  $1.25,  was  nearly  as  high 
as  in  1906.  Considered  by  districts  for  the  five-year  period  the  aver- 
age net  cost  of  waste  ranged  from  $0.94  per  ton  for  the  Pittsburgh 
district  to  $2.31  per  ton  for  the  Southern  district.  The  net  cost  of 
waste  for  the  Southern  district  was  v£ry  high  on  account  of  the 
unusually  large  quantity  of  ingots  required  per  ton  of  rails.  Exclud- 
ing the  Southern  district,  the  bluest  average  net  cost  of  waste  was 
$1.20  per  ton  for  the  Chicago  and  Western  district. 

Gosi  above  material. — ^The  average  cost  above  material  for  the  five- 
year  period  1902  to  1906  was  $2.68  per  ton,  or  12.8  per  cent  of  the 
mill  cost 

The  item  of  labor  amounted  to  nearly  one-half  of  the  total  cost 
above  material.  The  average  cost  of  labor  for  the  five-year  period 
was  $1.25  per  ton  and  ranged  from  $1.17  per  ton  in  1906  to  $1.33  per 
ton  in  1902.  The  average  cost  of  labor  in  producing  heavy  rails  was 
more  uniform  than  for  most  other  rolled  products  because  the  dif- 
ferent mills  were  of  about  the  same  design.  The  high  labor  cost  in 
comparison  with  the  billets  or  sheet  bars  was  due  to  the  additional 
labor  in  connection  with  sawing,  straightening,  drilling,  and  inspect- 
ing the  finished  rails,  almost  none  of  which  is  necessary  in  the  case 
of  billets  or  sheet  bars  intended  for  reroUing.  Considered  by  dis- 
tricts for  the  five-year  period,  the  average  cost  of  labor  ranged  from 
$1.05  per  ton  for  the  Pittsburgh  district  to  $2.31  per  ton  for  the 
Southern  district.  The  very  high  cost  in  the  Southern  district  was 
due  largely  to  the  small  output  per  plant. 

The  average  cost  of  fuel  for  the  five-year  period  was  $0.13  per  t«n 
and  showed  no  appreciable  variation  from  year  to  year,  although 
the  range  by  districts  for  the  five-year  period  was  considerable — fnMn 
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$0.07  per  ton  for  the  Valley  district  to  $0.16  per  ton  for  the  Lake 
Erie  district. 

The  average  cost  of  steam  for  producing  heavy  rails  was  mndi 
larger  than  for  billets  or  sheet  bars,  because  much  more  power  wa& 
required  to  roll  an  ingot  into  the  shape  of  a  rail.  The  average  cost 
of  steam  was  $0.46  per  ton,  and  ranged  from  $0.41  per  ton  in  1805 
and  1906  to  $0.54  per  ton  in  1903.  The  average  cost  of  steam  by 
districts  for  the  five-year  period  ranged  from  $0.26  per  ton  for  the 
Pittsburgh  district  to  $0.59  per  ton  for  the  Lake  Erie  district. 

Rolls  constitute  an  important  item  of  cost  in  the  manufacture  of 
rails,  as  complicated  rolls  are  required  for  each  shape  or  section  of 
rail  and  there  are  many  sections  or  shapes.  In  addition,  the  rails 
have  to  be  rolled  accurately  as  to  weight,  and  this  requires  constant 
care  in  keeping  the  rolls  in  condition.  The  average  cost  of  rolls  for 
the  five-year  period  was  $0.17  per  ton,  and  showed  no  important 
variation  from  year  to  year.  On  the  other  hand,  the  average  cost 
by  districts  for  the  five-year  period  ranged  from  $0.10  per  ton  for 
the  Chicago  and  Western  district  to  $0.28  per  ton  for  the  Eastern 
district. 

For  the  five-year  period  the  average  coat  of  materials  in  repairs 
and  maintenance  was  $0.27  per  ton ;  of  supplies  and  tools,  $0.10  per 
ton;  and  of  miscellaneous  and  general  works  expense,  $0.30  per  ton. 

Additional  cost. — This  cost  was  derived  from  the  profit  and  loss 
accounts  of  the  cwnpanies  and  apportioned  by  the  Bureau  in  the 
manner  elsewhere  described,  (See  pp.  20-21.)  It  includes  chiefly 
(1)  general  and  miscellaneous  expense  and,  (2)  depreciation.  The 
average  cost  of  general  and  miscellaneous  expense  for  the  five-year 
period  was  $0.61  per  ton,  and  the  average  cost  of  depreciation  for 
the  same  period  was  $0.65  per  ton.  As  repeatedly  noted,  each  prod- 
uct from  pig  iron  on  was  generally  charged  in  the  succeeding  stage 
of  manufacture  at  furnace  or  works  cost,  instead  of  total  book  cost, 
with  the  result  that  these  items  increase  in  a  cumulative  manner. 

Total  book  cost. — The  average  mill  cost  of  heavy  rails  for  the 
five-year  period  1902  to  1906  was  $20.97,  and  adding  the  additional 
costs  derived  from  the  profit  and  loss  accounts  gave  a  total  book 
cost  of  $22.23  per  ton.  The  total  book  cost  ranged  from  $21.14  per 
ton  in  1905  to  $23.54  per  ton  in  1903.  The  average  cost  in  1904, 
namely,  $21.15  was  only  $0.01  higher  than  in  1905.  Considered  by 
districts  for  the  five-year  period,  the  total  book  cost  of  heavy  rails 
ranged  from  $19.69  per  ton  for  the  Pittsburg  district  to  $24.44  per 
ton  for  the  Eastern  district.  The  total  book  cost  of  the  Southern 
open-hearth  rails  was  $25.75  per  ton. 

As  in  the  case  of  the  costs  of  the  other  rolled  products  previously 
discussed,  these  total  book  costs  are  not  net  costs,  as  they  include 
profits  arising  from  the  transfer  of  materials  (principally  ore  and 
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coke)  at  prices  above  the  actual  cost  of  production,  which  profits 
accrued  to  the  same  companies  or  interests  as  produced  these  heavy 
rails. 

Light  baiu. — The  tonnage  of  light  rails  produced  by  the  com- 
panies reporting  for  the  five-year  period  1902  to  1906  was  517,688 
tons. 

In  the  followLng  table  is  given  the  average  book  cost  of  producing 
light  rails  for  the  five-year  period,  1902  to  1906 : 

TaBLB  60.— average  book  COST  OF  LIGHT  BAILS,  FIVE  YBARB,  1902.1906. 

[In  dollars  per  groBS  ton.  J 

Gross  tona  produced 517, 688 


Materials  in  repairs  and  matntenaace 

Sapidles  and  tools 

UiBcellaneoos  and  general  works  expense— 


Addltlmial  cost: 

G^ieral  and  mlsceUaneooB  expense— 
Depreciatl  on 


Price  of  material  nsed— 
Pounds  of  material  UEed.. 


Price  of  scrap  recovered—- 
Pounds  of  scrap  recovered  - 
Net  cost  of  waste 


Rmc  TTWj/^rioi.— The  larger  part  of  the  light  rails  covered  by  the 
cost  statemrait  was  made  frcwn  imperfect  heavy  rails,  which  were 
rolled  down  into  smaller  sections.  In  some  cases  such  rails  were  used 
at  what  they  were  worth  as  melting  scrap  and  in  other  cases  they 
were  used  at  a  price  somewhat  above  the  value  of  melting  scrap.  A 
small  part  of  the  total  production  was  made  from  Bessemer  ingots  in 
the  same  way  as  the  heavier  rails.  The  average  cost  of  the  raw 
material  for  the  five-year  period  was  $17.85  per  ton  of  light  rails. 
The  average  price  of  the  raw  material  per  ton  was  $16,95,  and  the 
uverage  net  cost  of  waste  was  $0.90. 

Cost  above  materiid. — The  average  cost  of  labor  was  $2.32  per  ton. 
This  was  much  larger  than  the  average  cost  for  heavy  rails,  due  in 
part  to  the  nature  of  the  raw  material  used  and  in  part  to  the  com- 
paratively small  output  per  plant. 

The  item  of  fuel  was  considerably  larger  than  for  heavy  rails,  as 
the  raw  material  in  most  cases  had  to  be  reheated.    This  cost  aveiv 
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aged  $0.48  per  ton.  The  average  coat  of  steam  was  $0.58  per  ton,  or 
nearly  the  same  is  for  heavy  ritils. 

For  the  five-year  period  the  average  cost  of  rolla  was  $0.31  per 
ton;  of  materials  in  repaire  and  mainteaance,  $0.31  per  ton;  of  sup- 
plies and  tools,  $0.11  per  ton;  and  of  n-isceUaneous  and  general 
works  expense,  $0.49  per  ton. 

AdditiOTMd  cost. — As  in  the  case  of  heavy  rails  and  other  rolled 
products,  the  additional  cost  was  derived  from  the  profit  and  loss 
accounts  and  apportioned  by  the  Bureau  to  the  several  products. 
The  items  have  been  grouped  under  (1)  general  and  miscellaneous 
expense,  and  (2)  depreciation.  The  average  cost  of  general  and 
miscellaneous  expcoiae  for  the  period  '^as  $0.87  per  ton,  and  the 
average  cost  of  depreciation,  $0.97  per  ttm. 

Total  book  coat. — The  mill  cost  of  light  rails  for  the  five-year  period 
1902  to  1906  was  $22.40,  and  adding  the  additional  costs  from  the 
prt^t  and  loss  accounts  gave  a  total  boc^  cost  of  $24.24  per  ton. 
This  average  total  book  cost  is  not  a  net  cost,  as  the  raw  materials 
for  the  earlier  stages  of  manufacture  (ore,  coke,  and  pig  iron)  were 
generally  transferred  at  prices  above  the  actual  cost  of  production. 

PROFTTS  ON  SAUa  ANO  TRANSFERS  OF  RAILS HeoVy  roUs. — ^The  pPO- 

dnction  of  heavy  rails  for  the  period  1902  to  1906  covered  by  the 
foregoing  cost  statement  was  14,020,303  tons.  As  rails  are  a  finished 
product,  practically  the  whole  of  this  tonnage  was  sold,  although  a 
part  of  the-  tonnage  was  used  by  the  producing  companies,  princi- 
pally about  their  plants. 

TTie  book  costs,  prices,  and  profits  for  heavy  rails  sold  or  trans- 
ferred, by  years,  1902  to  1906,  are  given  in  the  following  table : 
Tuuei 


(In  doUini  per  gross  toD.] 

Sold. 

Tnivlarnid  ■taproot. 

Sold  and   Irsnaletrad  U  ■ 
profit. 

T». 

Com. 

Price 

- 

Toil*. 

Con. 

Prto. 

Proai. 

TOO.. 

cost. 

PflCO. 

Profit. 

2,6B4,e«l 

2,aiS,TM 

i,ws,as7 
2,gM,in 
a,SM,asi 

2J.7« 

11.2: 

an 

IS.  07 

i6.ro 

27.  M 

t6.34 
417 

s.8a 

S,l« 

s,«e 

»,B3S 
S8,3« 
111,  8*8 

125.20 
28.38 
24. 1» 
23.41 

125.  Ot 
16.  M 

'tO.U 
'7.7/ 

2,800,088 

1,901,  MB 
2,971,031 
3,509,OM 

122.32 
23.78 

21' 30 

127.86 

25.88 
28.  U 
27. 3« 

1B.4S!   .S.M 

ToUI..-. 

i3,»8,r« 

11.17 

27.M 

lit,  473 

».(S 

18.87    'Its 

13,804,287 

22.38 

27.20 

482 

'  Approiimalely  S7  per  ct 


The  quantity  sold  for  the  five-year  period  1902  to  1906  was 
13,388,824  tons.  The  average  cost  of  this  tonnage  was  $22.37  per  ton, 
and  the  average  price  received  was  $27.34  per  ton,  affording  an  aver- 
age profit  of  $4.97  per  ton.    The  average  price  ranged  from  $25.70 
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in  1904  to  $38.07  in  1903,  and  the  average  profit  nuiged  from  $4-17 
in  1904  to  $5.88  per  ton  in  1906.  Of  the  total  quantity  sold  for  the 
fiye-y«»r  period,  12,618,666  tons  were  doimwtic  sales  and  770,158  tons 
were  export  sales.  The  average  price  for  the  domestic  sales  was 
^7.69  per  ton  as  compared  with  $21.49  per  ton  for  export  sales. 

The  quantity  transferred  for  the  five-year  period  was  215,473  tons. 
The  average  cost  of  the  rails  transferred  was  $23.03  per  ton,  and  the 
average  transfer  price  was  $18.87  per  ton,  resulting  in  an  average 
loss  on  the  tonnage  transferred  of  $4,16  per  ton.  There  was  a  loss 
from  transfer  in  each  year,  which  ranged  from  $0.14  per  ton  in  1902 
to  $7.71  per  ton  in  1904.  This  loss  was  due  largely  to  the  operations 
of  one  company,  which  use'd  its  defective  rails  at  their  scrap  value 
instead  of  using  them  at  cost. 

Liffht  rails. — No  satisfactory  data  were  obtained  relative  to  the 
profits  from  the  sales  of  the  total  production  of  light  rails.  The 
data  secured,  covering  a  part  of  the  total  production,  showed  that  tlie 
average  profit  was  considerably  less  per  ton  on  light  rails  than  on 
heavy  rails. 

Section  6.  Book  cost  of  plates,  1902-1906. 

Plates  are  pieces  of  steel  ranging  in  thickness  from  ^  to  2  inches, 
and  in  width  from  6  to  140  inches,  cut  to  various  lengths.  They  are 
a  finished  steel  product;  that  is,  they  are  generally  sold  and  not 
further  elaborated.  The  principal  uses  of  plates  are  for  boilers, 
ships,  tanks,  steel  cars,  buildings,  bridges,  etc. 

Steel  plates  are  of  two  kinds,  namely,  sheared  and  universal,  the 
former  kind  being  made  on  a  sheared  plate  mill,  and  the  latter  kind 
on  a  universal  plate  mill. 

In  the  sheared  plate  mill  the  slab  (a  portion  of  a  flattened  ingot) 
is  rolled  into  a  plate  by  passing  sidewise  between  horizontal  rolls 
which  roll  down  the  material  to  the  desired  thickness.  This  leaves 
the  edges  and  ends  quite  irregular,  and  the  plates  are  then  cut  or 
sheared  to  the  required  form.  On  this  type  of  mill  it  is  not  practicable 
to  roll  very  narrow  plates.  The  width  of  a  sheared  plate  is  not 
ordinarily  less  than  48  inches,  and  may  run  as  high  aa  140  inches. 

Universal  plates  are  made  in  the  same  way  as  sheared  plates,  except 
that  the  universal  plate  mUl,  in  addition  to  its  horizontal  rolls,  which 
reduce  the  material  in  thickness,  has  vertical  rolls  on  either  side  which 
regulate  the  width  of  the  plate.  These  vertical  roUs  are  adjustable 
to  any  width  up  to  the  size  of  the  milL  In  this  way  it  is  possible  to 
make  plates  as  narrow  as  6  inches  and  as  wide  as  48  incheH. 

There  are  no  statistics  giving  the  total  production  of  plates  in  the 
United  States  during  the  period  1902  to  1906.  The  American  Iron  and 
Steel  Association  gives  the  production  of  steel  plates  since  January 
1, 1905,  but  from  1902  to  1904,  inclusive,  plates  and  sheets  were  com- 
bined.    The  total   production   of  steel   plates  as  reported   by  the 
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Americsn  Iron  and  Steel  AasodatioD  for  the  years  1905  and  1906  was 
4^39,403  tons,  and  the  total  production  of  steel  plates  covered  by 
cost  data  secured  by  the  Bureau  for  these  two  years  was  3,878,828 
tons,  or  74.8  per  cent.  It  is  believed  that  the  cost  data  secured  for 
sheared  and  universal  plates  for  the  period  1902  to  1906  covered 
fully  75  per  cent  of  the  total  production  of  the  Unitrt]  States. 

As  noted  above,  the  cost  data  secured  covered  the  production  of 
both  sheared  plates  and  universal  plates,  and,  as  the  two  kinds  of 
plates  are  widely  different  in  cost,  as  well  as  in  method  of  rolling, 
it  is  necessary  to  consider  separately  the  cost  of  each. 

Sheared  plates. — The  production  of  sheared  plates  for  the  five- 
year  period  1902  to  1906  covered  by  cost  data  was  3,317,232  tons. 

The  book  cost  of  producing  sheared  plates  is  given  by  years  for  the 
period  1902  to  1906  in  the  following  table  :^ 


[In  dollar,  par  (r.B.tOT.1 

Itam. 
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loot 
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46 

ID 

.4B 

.46 
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.46 
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21.74 

.60 
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.U 

Total  book  DoM 
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27.17 

26.66 
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t2.H 

t20.63 
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113.87 

tXEA 

117,00 
8,123 
I11.2C 

«i.7e 

3,aM 

■11.80 

«0-M 
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PoondsorriBbauMd 

Netmtafmrie 

The  production  of  sheared  plates  ranged  frcnn  445,307  tons  in  1904 
to  847,309  tons  in  1906." 

Raw  mfftena/,— Practically  all  of  the  raw  material  for  producing 
sheared  plates  was  basic  open -hearth  slabs.  Ordinary  Bessemer 
steel  is  not  so  well  fitted  for  the  productim  of  plates.     The  average 
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cost  of  slabs  for  Uie  five-year  period  1902  to  1906  was  $21.55  per  ton, 
and  ranged  from  $20.20  per  ton  in  1906  to  $23.19  in  1903.  This 
average  cost  of  slabs  per  ton  of  sheared  plates  was  determined  by  the 
price  of  the  slabs  per  toa  and  the  net  cost  of  waste  in  rolling. 

The  average  price  of  slabs  for  the  five-year  period  was  $19.21  per 
ton,  and  ranged  from  $17.90  per  ton  in  1904  to  $20.63  in  1903.  The 
average  price  of  slabs  in  1905,  namely,  $17.92  per  ton,  was  only 
$0.02  per  toa  higher  than  in  1904.  Practically  all  of  the  basic  open- 
hearth  slabs  were  used  at  mill  cost. 

The  average  net  cost  of  waste,  which  is  the  difference  between  tJie 
cost  of  the  slabs  per  ton  of  plates  and  the  price  of  the  slabs  per  ton, 
was  $2.34  per  ton  for  the  five-year  period,  and  ranged  from  $2.04 
per  ton  in  1902  to  $2.76  per  ton  in  19<H.  The  large  quantity  of  slabs 
required  per  ton  of  sheared  plates,  and  the  high  net  cost  of  waste,  are 
the  result  of  the  extensive  shearing  of  the  sides  and  ends  of  the  plates. 
Coat  above  material. — The  average  cost  above  material  for  the 
five-year  period  1902  to  1906  was  $4.55  per  ton,  or  17.4  per  cent  of 
the  mill  cost. 

The  average  cost  of  labor  for  the  five-year  period  was  $2.36  per  ton, 
and  ranged  from  $2.09  per  ton  in  1906  to  $2.66  per  ton  in  1903.  The 
years  1905  and  1906  showed  a  considerable  decline  in  the  average  cost, 
of  labor,  which  was  due  probably  to  the  increased  output  in  these 
years,  and  to  some  extent  probably  to  improved  labor-saving  devices. 
The  average  cost  of  fuel  for  the  five-year  period  was  $0.40  per  ton, 
and  ranged  from  $0.37  per  ton  in  1902  to  $0.48  per  ton  in  1904. 

The  item  of  steam  averaged  $0.51  per  ton,  and  ranged  frcan  $0.44 
per  ton  in  1906  to  $0.64  per  ton  in  1904. 

The  average  cost  of  rolls  was  $0.19  per  ton;  of  materials  in  repairs 
and  maintenance,  $0.49  per  ton;  of  supplies  and  tools,  $0.15  per  ton; 
and  of  miscellaneous  and  general  works  expense,  $0.45  per  ton. 

Additional  cost. — Under  this  caption  are  included  the  various  items 
of  expense  found  in  the  profit  and  loss  accounts  of  the  companies, 
which  were  apportioned  to  the  cost  of  the  several  products,  as  else- 
where described.  (See  pp.  20-21.)  The  items  have  been  grouped 
under  (1)  general  and  miscellaneous  expense,  and  (2)  depreciation. 
The  average  cost  of  general  and  miscellaneous  expense  for  the  five- 
year  period  1902  to  1906  was  $0.65  per  ton,  and  the  average  cost  of 
depreciation  for  the  same  period  was  $0.74  per  ton.  It  should  be 
relnembered  that  these  costs  are  cumulative,  as  the  materials  for  this 
and  earlier  stages  of  manufacture  were  used  at  furnace,  works,  or 
mill  cost,  instead  of  total  book  cost. 

Total  book  cost. — The  mill  cost  of  sheared  plates  for  the  five-year 
period  1902  to  1906  was  $26.10,  and  adding  the  additional  costs  de- 
rived from  the  profit  and  loss  accounts  gave  a  total  book  cost  of  $27.49 
per  ton.  The  total  book  cost  ranged  from  $25.56  per  ton  in  1905  to 
$29.87  per  ton  in  1903.  i 
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As  in  the  case  of  the  preceding  rolled  products  discussed  in  this 
chapter  the  total  bocdr  costs  of  sheared  plates  were  not  the  net  costs 
of  producing  them,  as  the  costs  included  profits  arising  from  the 
transfer  of  materials  (principally  ore,  coke,  and  pig  iron)  at  prices 
above  the  actual  c(«it  of  production,  the  profits  of  which  accrued  to 
the  same  companies  or  interests  as  produced  the  sheared  plates. 

Universal  plates. — The  total  production  of  universal  plates  re- 
ported during  the  five-year  period  1902  to  1906  was  3,039,732  tons. 
Of  this  total,  as  shown  by  the  cost  statements,  2,007,344  tons  were 
made  from  slabs  and  1,032,888  tons  were  made  directly  from  ingots. 
As  the  total  producti(»i  could  not  be  put  on  the  same  basis,  and  as 
there  was  a  considerable  difference  in  the  cost  of  the  raw  material, 
as  well  as  in  the  cost  above  material.  It  is  necessary  to  consider  sepa- 
rately the  production  of  universal  plates  from  slabs  and  the  produc- 
tion of  universal  plates  from  ingots. 

Vniversal  platet  from  slabs. — The  production  of  universal  plates 
from  slabs  for  the  five-year  period  1802  to  1906  was  2,007,344  tons. 

In  the  following  table  is  given  the  average  book  cost  of  producing 
universal  plates  from  slabs  for  the  five-year  period,  by  years. 
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The  produddon  of  universal  plates  from  sl&bs  ranged  from  202,170 
tons  in  1902  to  628,496  tons  in  1906.  There  was  an  uninterrupted 
increase  in  production  during  this  period,  the  tonnage  prodnced  in 
1906  being  more  than  three  times  the  production  in  1902. 

Saw  material. — ^The  raw  material  for  the  production  of  the  uni- 
versal plates  here  considered  was  Bessemer  and  open-hearth  slabs 
mixed.  It  was  not  possible  to  separate  the  cost  of  producing  uni- 
versal plates  from  Beffiemer  slabs  as  distinct  from  the  cost  of  pro- 
ducing such  plates  from  open-hearth  dabs. 

The  average  cost  of  slabs  per  ton  of  universal  plates  for  the  five- 
year  period  1902  to  1906  was  $21.78,  and  ranged  from  $19.47  per 
ton  in  1904  to  $24,31  per  ton  in  1903.  Apparently  no  profit  was 
charged  on  the  slabs  used. 

The  average  price  of  slabs  per  ton  was  $20.25  and  ranged  from 
$18.05  per  ton  in  19(H  to  $22.53  per  ton  in  1903. 

The  average  net  cost  of  waste  in  producing  universal  plates  was 
much  less  than  in  producing  sheared  plates,  on  account  of  thexe  being 
no  necessity  for  shearing  the  sides  of  the  plates.  The  average  net 
cost  of  waste  was  $1.53  per  ton,  and  ranged  from  $1.37  per  ton  in  1902 
to  $1.78  per  ton  in  1903. 

Cost  above  maiericH. — The  average  cost  above  material  for  the  five- 
year  period  1902  to  1906  was  $3.77  per  ton,  or  14.8  per  cent  of  the 
mill  cost.  The  item  of  labor  comprised  about  50  per  cent  of  the  total 
cost  above- material,  and  averaged  $1.83  per  ton,  ranging  frwn  $1.72 
per  ton  in  1904  to  $1.99  per  ton  in  1903. 

The  average  cost  of  fuel  was  $0.34  per  ton,  and  l^e  average  cost  of 
8t«am  for  the  same  period  was  $0.57  per  ton.  i 

The  average  cost  of  rolls  was  $0.13  per  ton;  of  materials  in  repairs 
and  maintenance,  $0.30  per  ton;  of  supplies  and  tools,  $0.15  per  ton; 
and  of  miscellaneous  and  general  works  expense,  $0.45  per  ton. 

Additional  cost. — This  cost  was  derived  from  the  profit  and  loss 
accounts  and  apportioned  by  the  Bureau.  The  items  are  grouped 
under  (1)  general  and  miscellaneous  expense,  and  (2)  depreciation. 
The  average  cost  of  general  and  miscellaneous  expense  for  the  five- 
year  period  1902  to  1906  was  $0.44  per  ton,  and  the  average  cost  of 
depreciation  for  the  same  period  was  $0.41  per  ton.  As  already 
noted,  each  product  from  pig  iron  on  was  generally  charged  to  the 
next  step  at  furnace,  works,  or  mill  cost  instead  of  total  book  cost, 
with  the  result  that  these  items  increase  in  a  cumulative  manner. 

ToUA  hook  cost. — The  mill  cost  of  universal  plates  from  slabs  for 
the  five-year  period  1902  to  1906  was  $25.55,  and  adding  additional 
costs  derived  from  the  profit  and  loss  accounts,  gave  a  total  book 
cost  of  $26.40  per  ton.  The  total  book  cost  ranged  from  $23.54  per 
ton  in  1904  to  $29^  per  ton  in  190a. 
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It  should  be  noted  that  these  total  book  costs  were  not  net  costs,  as 
the;  mclnded  profits  arising  from  the  transfer  of  materials  above  the 
actual  cost  of  production  which  accrued  to  the  same  compaoies  or 
interests  as  produced  these  universal  plat«8. 

UtUveraal  plate*  from,  ingots. — ^The  production  of  universal  plates 
from  ingots  for  the  five-year  period  1902  to  1906  covered  1^  cost  data 
was  1,032^88  tons. 

The  book  cost  of  producing  universal  plat«s  fr(»n  ingots  b;  years, 
1902  to  1906,  is  given  in  the  following  table: 
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The  production  of  universal  plates  from  ingots  ranged  from 
144,719  tons  in  1904  to  326,977  tons  in  1906.  The  production  of  uni- 
versal plates  from  ingots  during  this  period  amounted  to  approxi- 
mately one-third  of  the  total  production  of  such  plates. 

Raw  material. — The  raw  material  used  in  producing  these  plates 
was  almost  entirely  basic  open-hearth  ingots.  The  average  cost  of 
these  ingots  per  ton  of  universal  plates  for  the  five-year  period  was 
$17.70,  and  ranged  from  $16.13  per  ton  in  1904  to  $19.97  per  ton  in 
1903.  As  in  the  cases  of  the  other  plates  discussed  above,  these  costs 
were  determined  hy  the  average  price  of  ingots  per  ton  and  the  net 
ctKt  of  waste  in  rolling. 
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The  avenge  price  of  ingots  was  $16.30  per  ton,  and  ranged  from 
$14.72  per  ton  in  1904  to  $18.10  per  tcHi  in  1903.  These  average 
prices  do  not  include  any  transfer  profits  on  the  ingots,  as  they  were 
used  at  works  cost. 

The  average  net  cost  of  waste,  which  is  the  CMinecting  link  between 
the  price  of  the  ingots  per  ton  and  the  cost  of  the  ingots  per  ton  of 
plates  was  $1.40,  and  ranged  from  $1.24  per  ton  in  1905  to  $1.87  per 
ton  in  1903. 

Coat  above  jnaterial. — The  average  cost  above  material  for  the  five- 
year  period  1902  to  1906  was  $3.13  per  ton,  or  15  per  cent  of  the 
mill  cost. 

The  item  of  labor  amounted  to  about  40  per  cent  of  the  total  cost 
above  material,  the  average  cost  being  $1.24  per  t^m,  and  ranging 
from  $1.02  per  ton  in  1906  to  $1.70  per  ton  in  1903. 

The  average  cost  of  fuel  was  $0.36  per  ton,  and  the  average  cost 
of  steam  was  $0.58  per  tcm.  The  average  cost  of  rolls  was  $0.15 
per  ton;  of  materials  in  repairs  and  maintenance,  $0.36  per  ton;  of 
supplies  and  tools,  $0.12  per  tcm;  and  of  mificellaneous  and  general 
works  expense,  $0.32  per  ton. 

Additional  cost. — The  items  under  this  head  were  derived  from  the 
profit  and  loss  accounts  of  the  companies  and  apportioned  by  the 
Bureau  to  the  several  products.  They  have  been  grouped  under  two 
headings,  namely,  (1)  general  and  miscellaneous  expense,  and  (2) 
depreciation.  The  average  cost  of  general  and  miscellaneous  expense 
for  the  five-year  period  1902  to  1906  was  $0,51  per  ton,  and  the 
average  cost  of  depreciation  for  the  same  period  was  $0.48  per  ton. 
These  items  int^nase  in  a  cumulative  manner,  as  the  raw  materiak 
from  pig  iron  on  were  generally  used  at  furnace,  works,  or  mill  cost, 
instead  of  total  book  cost. 

Total  hook  coat. — The  average  mill  cost  of  universal  plates  from 
ingots  for  the  five-year  period  1902  to  1906  was  $20.83,  and  adding 
the  additional  costs  derived  from  the  profit  and  loss  accounts,  gave 
a  total  book  cost  of  $21.82  per  tcsi.  The  total  boc^  cost  ranged  from 
$19.84  per  ton  in  1904  to  $25.46  per  ton  in  1903. 

The  average  total  bodi  coat  of  umversal  plates  from  ingots  for  the 
five-year  period  1903  to  1906  was  $4.58  per  ton  lees  than  the  average 
total  bodi  cost  of  universal  plates  from  slabs  for  the  same  period. 
This  was  due  principally  to  the  fact  that  the  plates  made  from 
ingots  were  heavier  on  the  average  than  those  made  from  slabs,  nnd 
also  to  the  fact  that  the  plants  producing  universal  plates  from 
ingots  had  better  equipment  and  operated  under  more  favon^)l« 
conditions. 
.  As  in  the  case  of  other  rolled  products,  the  total  book  costs  of 
oniveieal  plates  fnon  ii^ta  were  not  the  net  oosts  of  produotitHi,  tf 
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they  included  profits  arising  from  the  transfer  of  materials  at  prices 
above  the  actual  cost  of  production. 

Profits  on  sales  4ND  transfers  op  flatbs. — It  was  not  possible 
from  the  manner  in  which  the  profit  and  loss  accounts  of  the  com- 
panies were  kept  to  give  separately  the  costs,  prices,  and  profits  for 
sheared  and  universal  plates. 

The  book  costs,  prices,  and  profits  for  all  plates  combined,  there- 
fore, as  shown  by  the  profit  and  loss  accounts,  are  given  in  the  follow- 
ing table : 


[IndolbniFecirc»t«>.] 

... 

TruufenedBtBpmat 

■^"•^..           •'• 

Tons. 

c»t!p,^ 

Proflt. 

Tons. 

^ 

Prtce 

Proflt 

T«M. 

CO.. 

Pites 

PWflt. 

.»«,S1S 
817,  B17 
1,3M,1»((7 
l,2»4,987 

r.r.-M 

S.1S 
7.M 

«,»4(l 
J<1,S40 

ISC,  417 

u,as(i 

SIS,  714! 

13a  72 

32.34 
24.88 

26.36 
26.M 

(34.12 
83.44 

2g.o^ 

31.23 

88. « 
l.lfl 

l«4 

1,037,20(1 
OK.KS 

»sa,W4 

1,824,661 

J 

2s.a 

24.  B« 

24.  Be 
26.80 

139. » 

80,08 

30,07 

83.46 

24.  M 
24.78 
26.80 

XM 

sq 

5.9S 

TohU.... 

S,383,7BO 

26.31 

"■1 

'■" 

668,202 

26.77 

-■" 

1.7 

e,m.^ 

*•■** 

33.08 

6.72 

The  production  of  plates  for  the  five  years  1902  to  1906  and  the 
average  total  book  cost  discussed  above  were  as  follows : 
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The  quantity  sold  and  transferred,  as  shown  by  the  profit  and  los.s 
statement,  for  the  five-year  period  1902  to  1906  was  6,051,962  tons, 
and  the  total  production,  as  shown  above,  was  6,356,964  tons,  a  dif- 
ference of  305,002  tcms.  A  part  of  this  difference  was  due  to  a 
large  quantity  of  plates  for  which  it  was  not  possible  to  determine 
separately  and  with  accuracy  the  sales  price  and  profit.  This  ton- 
nage, therefore,  had  to  be  excluded  from  the  profit  and  loss  state- 
ment. On  the  other  hand,  there  were  differences  in  the  inventories 
at  the  beginning  and  end  of  the  period,  as  well  as  certain  tonnage 
adjustments  between  cost  tonnages  and  profit  and  loss  tonnages.    No 


,.,.d.i.  Google 


224  THE  STEEL  INDUSTBT. 

part  of  the  tonnage  produced  was  used  at  cost.  The  average  cost 
of  the  quantities  sold  and  transferred  was  $26.36  per  ton,  and  the 
average  cost  of  the  total  production,  as  shown  above,'  was  $26.23  per 
ton,  or  a  difference  of  $0.13  per  toa. 

The  quantity  sold  for  the  five-year  period  1902  to  1906  was 
5,383,760  tons.  The  average  cost  of  this  quantity  was  $26.31  per  ton, 
and  the  average  price  received  was  $33.42  per  ton,  affording  an  aver- 
age profit  of  $7.11  per  ton. 

The  total  quantity  transferred  for  the  five-year  period  1902  to  1906 
was  668,202  t(Mis.  The  average  cost  of  this  quantity  was  $26,77  per 
ton,  and  the  average  transfer  price  was  $30.3i  per  ton,  giving  an 
average  transfer  profit  of  $3.57  per  ton. 

The  average  profit  on  the  combined  c|uantities  sold  and  transferred 
has  little  statistical  significance. 

Sectioa  7.  Book  cost  of  itmctnral  shapes,  1902-1906. 

Structural  shapes  consist  of  I  beams,  channels,  angles,  tees,  zees, 
and  other  shapes  which  are  rolled  for  strictly  structural  purposes. 
Such  shapes  are  used  in  the  construction  of  buildings,  bridges,  ships. 
cars,  etc.  They  are  used  alone,  as  well  as  built  up  into  girders  with 
plates  and  other  shapes.  Plates  used  in  the  fabrication  of  structural 
material,  however,  are  not  classified  as  structural  shapes,  but  as  platea 

The  various  structural  shapes  are  of  widely  different  sizes  and 
weights.  The  standard  sizes  for  I  beams  and  channels  are  from  3 
to  15  inches  in  width,  although  larger  ones  are  made,  running  as 
high  as  24  inches  in  width.  Angles  in  standard  sizes  are  from  3 
to  6  inches  in  width.  Smaller  sizes  than  3  inches  in  width  are  also 
made,  although  generally  used  for  other  purposes,  such  as  agricul- 
tural Implements,  bedsteads,  automobiles,  etc.  Te'es  and  zees  are  still 
smaller  than  angles,  running  from  1  to  4  inches  in  width. 

The  heaviest  of  these  shapes — ^I  beams  and  channels — are  some- 
times rolled  from  ingots  on  one  mill  to  a  half-finished  shape  re- 
sembling somewhat  the  desired  section  or  shape,  and  then  finished  on 
another  mill  with  rolls  having  specially  designed  grooves  for  each 
different  shape  and  size.  The  lighter  shapes — angles,  tees,  and  zees- 
are  usually  rolled  down  from  large  billets  on  a  mill  with  rolls  having 
specially  designed  grooves. 

The  total  production  of  structural  shapes  in  the  United  States  for 
the  five-year  period  1902  to  1906,  as  reported  by  the  American  Iron 
and  Steel  Association,  was  7,124,576  tons,  and  the  total  production 
covered  by  the  cost  data  was  4,417,872  tons,  or  62  per  cent.  Of  the 
4,417,872  tons  of  structural  shapes  covered  by  cost  data  1,724,641 
tons  were  made  from  ingots  and  2,693,231  tons  were  made  from  large 
billets.  In  presenting  the  costs  it  is  necessary  to  consider  separately 
the  cost  of  producing  shapes  from  ingots  and  from  large  billets. 
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STKncTTTBAi,  BHAFEs  7B0M  TKooTS. — ^The  production  of  sttuctural 
Bhapes  from  ingots  reported  by  the  companies  furnishing  cost  data 
to  the  Bureau  for  the  five-year  period  1»02  to  1906  was  1,724,641 
tons.  This  production,  as  noted  above,  consisted  only  of  flie  larger 
sizes. 

In  the  following  table  the  book  cost  of  producing  structural  shapes 
frwn  ingots  is  given  by  years,  1&02  to  1906. 
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The  reported  production  of  structural  shapes  from  ingots  ranged 
from  207,214  tons  in  1904  to  529,366  tons  in  1906. 

Raw  material. — The  raw  material  for  the  production  of  the  larger 
sizes  of  structural  shapes  was  both  basic  open-hearth  and  Bessemer  ■ 
ingots,  the  greater  part  being  basic  open-hearth  ingots.  The  aver- 
age cost  of  the  ingots  per  ton  of  structural  shapes  for  the  five-year 
period  1902  to  1906  was  $20.21,  and  ranged  from  $17.41  per  ton 
in  1904  to  $23.17  per  ton  in  1903.  The  cost  of  ingots  per  ton  of 
structural  shapes  is  determined  by  the  price  of  the  ingots  per  ton 
and  the  net  cost  of  waste  in  rolling. 
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The  average  price  of  ingots  corresponded  with  the  works  cost  of 
producing  them,  as  no  transfer  profit  was  charged  oa  the  ingots 
used.  The  average  price  of  ingote  was  $18.06  per  ton,  and  ranged 
from  $15.63  per  ton  in  1901  to  $20.34  per  ton  in  1903.  These  prices 
were  substantially  parallel  with  the  cost  of  ingots  per  ton  of  structural 
shapes,  although  the  average  net  cost  of  waste  varied  considerably 
by  years. 

Thfe  net  cost  of  waste,  that  is,  the  cost  of  the  gross  loss  in  weight 
less  the  value  of  the  scrap  recovered  averaged  $2.15  per  ton,  and 
ranged  from  $1.78  per  ton  in  1904  to  $2.83  per  ton  in  1903. 

Cost  above  material.-~ThQ  average  cost  above  material  for  the 
five-year  period  was  $4.89  per  ton  or  19.5  per  cent  of  the  mill  cost. 

The  item  of  labor  comprised  44  per  cent  of  the  cost  above  material. 
The  average  cost  of  this  item  was  $2.15  per  ton,  and  ranged  from 
$2.(H  per  ton  in  1905  to  $2.29  per  ton  in  1903.  The  average  labor 
cost  in  1904,  namely,  $2.05  per  ton,  was  only  $0.01  higher  than  in 
1905.  The  course  of  the  average  cost  of  labor  in  the  different  years 
was  more  uniform  than  for  most  other  products.  This  is  probably 
accounted  for  by  the  fact  that  there  were  fewer  plants  producing 
structural  shapes  and  the  production  of  these  plants  was  more  nearly 
uniform  from  year  to  year. 

The  average  cost  of  fuel  was  $0.38  per  ton,  and  ranged  from  $0.21 
per  ton  in  1902  to  $0.47  per  ton  in  1903. 

The  item  of  steam  was  quite  large  on  account  of  the  power  required 
to  roll  the  material  into  the  various  shapes.  The  average  cost  of 
steam  was  $0.88  per  ton,  and  ranged  from  $0.84  per  ton  in  1905  and 
1906  to  $1  per  ton  in  1904. 

The  average  cost  of  rolls  was  $0.35.  This  was  much  higher  than 
for  any  of  the  preceding  rolled  products,  but  this  is  readily  accounted 
for  by  the  complex  type  of  the  sections  produced,  the  manufacture  of 
which  requires  rolls  of  a  different  pattern  for  each  shape  and  size. 
Therefore,  a  much  larger  assortment  of  rolls  must  be  carried  than  is 
necessary  for  the  production  of  any  simple  shape  or  even  for  rails, 
for  which  the  variety  of  sections  is  not  so  large. 

The  average  cost  of  materials  in  repairs  and  maintenance  was  $0.48 
per  ton;  of  supplies  and  tools,  $0.18  per  ton;  and  of  miscellaneous 
and  general  works  expense,  $0.47  per  ton. 

Additional  coat. — This  cost  was  derived  from  the  profit  and  loss 
accounts  of  the  companies,  and  apportioned  by  the  Bureau  as  else- 
where described.  (See  pp.  20-21.)  The  items  are  grouped  under  (1) 
general  and  miscellaneous  expense,  and  (2)  depreciation.  The  aver- 
age cost  of  general  and  miscellaneous  expense  for  the  five-year  period 
was  $0.87  per  ton,  and  the  average  cost  of  depreciation'  was  $0.59 
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per  ton.  As  repeatedly  noted,  each  prodnct  from  pig  iron  on  was 
generally  charged  to  the  next  step  at  furnace,  works,  or  mill  cost, 
instead  of  total  book  cost,  with  the  result  that  these  additional  costs 
increase  in  a  cumulative  manner. 

Toted  book  cost. — ^The  average  mill  cost  of  structural  shapes  from 
ingots  for  the  five-year  period  1902  to  1906  was  $25.10,  and  adding 
the  additional  cost  from  the  profit  and  loss  accounts,  gave  a  total 
book  cost  of  $26.52  per  ton.  The  total  book  cost  ranged  from  $2S.36 
per  ton  in  1904  to  $29.69  per  ton  in  1903.  As  in  the  case  of  the  costs 
of  other  rolled  products  previously  discussed,  these  total  book  costs 
Included  profits  arising  from  the  transfer  of  materials  at  prices  above 
the  actual  costs  of  production,  which  profits  accrued  to  the  same  com- 
panies or  interests  as  produced  these  structural  shapes. 

SrHDCTtJRAL  SHAPES  FROM  LABOE  BILLETS.— The  total  productlou  of 

structural  shapes  from  large  billets  covered  by  cost  data  for  the  five- 
year  period  1902  to  1906  was  2,698,231  tons.  This  covered  the  manu- 
facture of  the  smaller  sizes  of  structural  shapes,  as  already  noted. 

The  book  cost  of  producing  structural  shapes  from  large  billets, 
by  years,  1902  to  1906,  is  given  in  the  following  table; 
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The  prodacticm  of  structural  shapes  from  large  bUlets  ranged  from 
256,380  tons  in  1902  to  898,609  tons  in  1906. 

Raw  materiai. — The  raw  material  for  the  production  of  the  ton- 
nage of  structural  shapes  given  above  was  for  the  most  part  basic 
open-hearth  billets,  although  some  Bessemer  steel  was  also  used.  K 
considerable  proportion  of  the  production  of  structural  shapes  was 
made  in  mills  which  were  separated  from  steel  plants,  and  for  this 
reaaon  it  was  impossible,  in  most  cases  at  least,  to  trace  definitely  the 
origin  of  the  steel.  The  average  cost  of  large  billets  per  ton  of  stmc- 
ttiral  shapes  for  the  fiv^-year  period  was  ^1.86,  and  ranged  from 
$19.64  per  ton  in  1901  to  $23.25  pw  ton  in  1902. 

In  tiie  case  of  structural  shapes  made  from  large  billets  the  aver- 
age price  of  the  large  billets  did  not  correspond  with  the  average  cost 
of  producing  them.  This  was  largely  due  to  the  fact  that  approxi- 
mately 20  per  cent  of  the  total  quantity  of  large  billets  used,  or 
629,000  tons,  was  transferred  at  an  average  profit  of  $1.70  per  ton. 
This  quantity  of  large  billets  transferred  at  a  profit  was  a  part  of 
the  10,645,241  tonS  of  large  billets  transferred  at  a  proJit,  as  shown  by 
Table  46,  page  191,  and  arose  itcua  sales  made  by  one  subsidiary  com- 
pany which  produced  the  large  billets  to  another  subsidiary  company 
which  used  them.  The  transfer  profit  on  this  part  of  the  billets  was 
equal  to  an  increase  in  the  price  per  ton  of  all  the  billets  used  in 
making  structural  shapes  of  about  $0.86,  which  was  equivalent  to  an 
increase  in  the  cost  of  the  structural  shapes  of  $0.42  per  ton.  The 
average  price  of  large  billets  for  the  five-year  period  1902  to  1906  was 
$20.28  per  ton,  and  ranged  from  $18  per  ton  in  1904  to  $21.46  per  ton 
in  1902. 

The  net  cost  of  waste  in  rolling  structural  shapes  from  large  billets 
was  much  less  than  in  rolling  structural  shapes  from  ingots,  as  in 
the  former  case  one  stage  of  the  operation  of  rolling  was  eliminated, 
that  of  rolling  ingots  into  billets.  The  average  net  cost  of  waste  in 
rolling  structural  shapes  from  large  billets  was  $1.60  per  ton,  and 
ranged  from  $1.48  per  ton  in  1906  to  $1.80  per  ton  in  1902. 

Coat  above  material. — ^The  average  cost  above  material  for  the  five 
year  period  1902  to  1906  was  $4.65,  or  17.5  per  cent  of  the  mill  coet 

The  item  of  labor  amounted  to  more  than  one-half  of  the  total  cost 
above  material.  The  average  cost  of  this  item  was  $2.54  per  ton,  and 
ranged  from  $2.82  per  ton  in  1906  to  $3.15  per  ton  in  1902.  The 
course  of  the  average  labor  cost  for  the  several  years  differed  from 
that  of  the  other  products  already  considered.  There  was  a  sharp 
decline  in  the  average  cost  of  labor  in  1908,  as  compared  with  1902, 
namely,  17  per  cent.  This  mailed  decline  was  caused  l^  including 
in  the  average  for  the  year  1903  a  plant  with  a  large  production  and 
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low  labor  cost  which  was  shut  down  in  1902.  In  1904  there  was  a 
small  reduction  in  the  rate  of  wages,  but  this  was  nearly  offset  by  a 
very  hig^  cost  of  labor  at  a  new  plant  which  was  started  in  that  year. 

The  average  cost  of  fuel  was  $0.31  per  ton,  and  showed  no  signifi- 
cant variation  from  year  to  year. 

The  average  cost  of  steam  was  $0.12  per  ton,  and  ranged  from  $0.32 
per  ton  in  1906  to  $0.53  per  ton  in  1903. 

The  average  cost  of  rolls  was  $0.32  per  ton ;  of  materials  in  repairs 
and  maintenance,  $0.44  per  ton;  of  supplies  and  tools,  $0.18  per  ton; 
and  of  miscellaneous  and  general  works  expense,  $0.44  per  ton. 

Additional  cost, — ^This  cost  was  derived  from  the  profit  and  loss 
accounts  of  the  various  companies,  and  apportioned  by  the  Bureau 
to  the  several  products.  The  items  have  been  grouped  under  (1)  gen- 
eral and  miscellaneous  expense,  and  (2)  depreciation.  The  average 
cost  of  general  and  miscellaneous  expense  for  the  five-year  period  was 
$0,63  per  ton,  and  the  average  cost  of  depreciation  was  $0.60  per  t6n. 
As  the  raw  materials  for  this  and  earlier  stages  of  manufacture  ware 
used  at  furnace,  works,  or  mill  cost  instead  of  total  book  cost,  these 
additional  costs  tend  to  increase  in  a  cumulative  way. 

Total  book  cost. — The  average  mill  cost  of  structural  shapes  made 
from  large  billets  for  the  five-year  period  1902  to  1906  was  $26.53 
per  ton.  Adding  to  this  the  additional  costs  mentioned  above  gave 
an  average  total  book  cost  of  $27.76  per  ton.  The  range  in  the  aver- 
age total  book  cost  was  from  $25.68  per  ton  in  1904  to  $29.96  per  ton 
in  1902. 

These  total  book  costs  were  not  net  costs,  as  they  included  profits 
arising  from  the  transfer  of  materials  (principally  ore,  coke,  pig  iron, 
and  large  billets)  at  prices  above  the  actual  costs  of  production, 
which  profits  accrued  to  the  same  companies  or  interests. 

As  already  noted,  the  structural  shapes  made  from  large  billets 
were  as  a  rule  lighter  sections  made  on  the  smaller  mills,  and, 
other  things  being  equal,  the  total  book  cost  of  these  lighter  sections 
would  be  higher  than  the  total  book  cost  of  the  larger  and  heavier 
sizes  made  from  ingots.  The  average  total  book  cost  of  structural 
shapes  made  from  ingots  for  the  five-year  period  1902  to  1906  was 
$26.52  per  ton,  and  the  average  total  book  cost  of  structural  shapes 
made  from  Isi^  billets  for  the  same  period  was-  $27.76  per  ton,  or 
$1.34  per  ton  higher. 

Pboffts  on  sales  Ann  transfers  or  STHTTCTDBAt  SHAPES. — The  total 
production  of  the  structural  shapes  for  the  five-year  period  1902  to 
1906  made  from  both  ingots  and  large  billets,  as  shown  by  the  fore- 
going cost  statements,  was  4,417,872  tons.  The  greater  part  of  this 
total  production  was  sold.    No  part  of  the  total  was  used  in  further 
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maDilfacture,  although  a  considerable  quantity  was  used  by  the  steel 
plants  in  new  construction. 

The  book  costs,  prices,  and  profits  ior  structural  ^apes  sold  or 
transferred  at  a  profit  are  ^ven  by  years,  1902  to  1906,  in  the  fol- 
lowing table : 

TULI  M-BOOE  COSTS,  PRICES,  AND  PBOriTS  FOB  STBUCTUKAL  SHAPES  SOLD  OB 
A  PROFIT,  BY  TEAB6,  IVH-aOB. 
(In  dotlan  pec  ktocs  toD.] 
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The  total  quantity  sold  and  transferred  at  a  profit  for  the  five- 
year  period  1902  to  1906  was  4,016,706  tons,  or  401,166  tons  less  than 
the  total  production  during  this  period.  The  average  cost  of  the  I 
total  quantity  sold  and  transferred  at  a  profit  was  $26.61  per  ton,  , 
and  the  average  cost  of  the  total  production  was  $27.28,  or  a  difference 
of  $0.67  per  ton.  These  differences  in  quantity  and  in  cost  were  due 
in  part  to  differences  in  inventories  having  different  costs,  and  in 
part  to  the  use  of  structural  shapes  at  mill  cost  for  new  construction 
at  the  producing  plants. 

The  total  quantity  sold  was  3,777,050  tons.  The  average  cost  of 
this  quantity  was  $26,64  per  ton,  and  the  average  price  received  was 
$34.03  per  ton,  affording  an  average  profit  of  $7.39  per  ton. 

The  total  quantity  transferred  at  a  profit  was  239,656  tons.  The 
average  cost  of  this  quantity  was  $26.16  per  ton,  and  the  average 
transfer  price  was  $34.12  per  ton,  giving  an  average  transfer  profit 
of  $7.96  per  ton. 

Section  8.  Book  coat  of  merchant  ban,  190S-190S. 

The  term  "merchant  bars"  is  applied  to  a  variety  of  sizes  and 
shapes  of  iron  and  steel  products,  such  as  are  sold  at  hardware  stores 
or  used  in  the  general  trade.  The'  principal  shapes  and  extreme  sizes 
of  merdiant  ban  follow. 


n,s,t,..d:,i.  Google 


BOOS  COSTS  OP  BOLLBD  PB0DTT0T8,  1902  TO  1906.  231 

Flat  bars,  |  iii(^  wide  by  I  inch  thick  to  6  inches  wi<]e  by  4 

inches  thidc. 
Kound  bars,  A  to  7^  inches  in  diameter. 
Square  bars,  ^  to  7^  inches  square. 
Oval  bars,  f  to  li  inches  wide. 

Half  rounds  and  half  ovals,  |  to  2i  inches  wide,  or  wider. 

Heavy  bands,  |  inch  wide  by  i  inch  thick  to  10  inches  wide 

by  A  inch  thick. 

These  shapes  do  not  always  go  to  merchants,  as  large  quantities  are 

sold  directly  to  manufacturers  of  agricultural  implements,  vehicles, 

etc.,  and  some  of  the  bars  are  manufactured  further  into  bolts,  nuts, 

railroad  spikes,  fishplates,  etc.,  by  the  steel  companies  themselves. 

Merchant  bars  are  rolled  from  both  large  billets  and  small  billets. 
The  larger  sizes  are  usually  rolled  from  large  billets  on  what  is  called 
a  bar  mill.  In  this  mill  the  rolls  are  of  large  diameter  and  are  fitted 
for  making  only  the  larger  sizes  of  bars.  The  smaller  sizes  are 
usually  rolled  from  small  billets  on  what  is  called  a  guide  mill.  In 
(his  mill  fixed  pieces  of  steel  termed  "  guides  "  are  placed  at  either 
side  of  the  rolls,  which  assist  in  directing  or  guiding  the  long  thin 
pieces  of  metal  through  the  grooves.  The  chief  difference,  however, 
I)etween  a  bar  mill  and  a  guide  mill  is  that  in  the  guide  mill  the  rolls 
iire  much  smaller  in  diameter  and  revolve  at  a  considerably  higher 
speed. 

The  total  tonnage  of  merchant  steel  bars  produced  by  the  com- 
panies reporting,  the  costs  of  which  were  in  sufficiently  good  form  to 
obtain  reliable  cost  averages,  for  the  ffve-year  period  1902  to  1906, 
was  5,633,847  tons.  Many  of  the  cost  statements  were  so  compli- 
cated either  as  to  the  materials  used  or  as  to  the  product  made  that 
they  could  not  be  properly  classified.  This  additional  quantity,  com- 
prising for  the  most  part  steel  and  iron  bars  mixed,  for  the  five-year 
period  1902  to  1906  amounted  to  1,539,415  tons. 

Of  the  total  production  of  5,633,847  tons  of  steel  bars  mentioned 
above,  4,379,780  tons  were  made  from  large  billets  and  1.254.067  tons 
were  made  from  small  billets.  On  account  of  the  differences  in  the 
ttages  of  rolling  of  the  raw  materials  {large  billets  and  small  billets) 
it  is  desirable  to  consider  separately  the  cost  of  merchant  steel  bars 
made  from  large  billets  and  those  made  from  small  billets. 

Merchant  steel  bars  fkom  laboe  BiLurrs.— The  total  production 
of  merchant  steel  bars  made  from  large  billets  reported  by  the  com- 
panies furnishing  cost  data  to  the  Bureau  for  the  five-year  period 
1902  to  1906  was  4^79,780  tons. 
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The  book  cost  of  producing  merchant  steel  bars  from  l&rge  billets 
is  given  by  years,  1902  to  1906,  in  the  following  table: 
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The  reported  production  of  merchant  steel  bars  from  lai^  billets 
ranged  from  538,382  tons  in  1902  to  1,249,096  tons  in  1906.  There 
was  a  steady  increase  in  production  in  each  year,  the  production 
in  1906  being  nearly  two  and  one-half  times  the  production  in  1902. 

Raw  Tnaterial.—Tiie  raw  material  for  the  production  of  these  mer- 
chant steel  bars  was  large  billets,  partly  Bessemer  and  partly  open 
hearth,  the  open  hearth  being  mostly  basic.  The  average  cost  of  the 
[arge  billets  per  ton  of  merchant  steel  bars  for  the  five-year  period 
1902  to  1906  was  $21.41,  and  ranged  from  $19.47  per  ton  in  1905  to 
$24.41  per  ton  in  1908.  This  cost  of  large  billets  per  ton  of  bars  was 
determined  by  the  price  of  the  large  billets  per  ton  and  the  net  cost 
of  waste  in  rolling. 

The  average  price  of  large  billets  per  ton  was  $20.26,  and  ranged 
from  $18.48  per  ton  in  1905  to  $23.06  per  ton  in  1903.  ScMne  of  the 
plants  used  their  large  billets  at  mill  cost,  some  transferred  their 
billets  at  a  profit,  and  some  purchased  their  supply  of  billets  in  the 
-open  market  It  was  not  always  possible  to  tell  from  just  what 
source  the  billets  came,  and  for  this  reason  it  was  difficult  to  find 
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exactly  how  much  transfer  profit  was  included  in  the  billeta  us^. 
However,  a  careful  examination  of  the  cost  sheets,  in  the  light  of 
the  facts  available  as  to  the  source  of  the  supply  of  billets,  indicated 
that  there  was  a  transfer  profit  on  the  billets  which  would  average 
about  $0.24  per  ton  on  all  the  billets  used  for  the  five-year  period. 
This  added  about  $0.27  per  ton  to  the  coat  of  the  merchant  bars. 

The  average  net  cost  of  waste  was  $1.15  per  too,  and  ranged  from 
$0.99  per  ton  in  1905  to  $1.35  per  ton  in  1903. 

Cost  (Aove  7naterial.~-The  averaf>e  cost  above  material  for  the 
five-year  period  1902  to  1906  was  $5.31  per  ton,  or  20  per  cent  of  the 
mill  cost. 

The  average  cost  of  labor  was  $3.06  per  ton,  and  ranged  from  $2.66 
per  ton  in  1905  to  $3.68  per  ton  in  1903.  There  were  great  varia- 
tions in  the  average  costs  of  labor  at  different  plants,  due  not  only 
to  differences  in  the  size  of  the  bars  made,  but  also  to  the  kind  of  mill 
on  which  they  were  made  and  the  conditions  as  to  rates  of  wages. 
Sconfi  mills  working  for  the  merchant  trade  were  obliged  to  change 
rolls  frequently,  thus  diminishing  their  output  and  increasing  the 
average  cost  of  labor,  while  oth^^  working  for  manufacturers  on 
standard  sizes  were  able  to  run  f(x  a  long  time  without  changing 
rolls,  thus  enlarging  their  output,  and  consequraitly  reducing  the 
average  cost  of  labor. 

The  average  cost  of  fuel  was  $0.44  per  ton,  and  ranged  frcHn  $0.36 
per  ton  in  1905  to  $0.55  per  ton  in  1903. 

The  cost  of  steam  is  an  important  item  in  the  rolling  of  merchant 
bars,  and  large  variations  in  the  cost  were  found,  which  were  due 
largely  to  the  range  in  sizes  of  the  bars  produced.  The  average  cost 
of  steam  was  $0.67  per  ton,  and  ranged  &om  $0.54  per  ton  in  1905  to 
$0.81  per  ton  in  1903  and  1901. 

The  average  cost  of  rolls  was  $0.22  per  ton.  The  average  cost  of 
this  item  by  years  ^owed  no  significant  variation,  although  there 
was  a  wide  range  in  the  costs  at  different  plants,  which  was  due  to 
the  different  sizes  of  the  bars  produced  and  to  the  different  quantities 
of  bars  which  could  be  produced  without  a  change  of  rolls. 

The  average  cost  of  materials  in  repairs  and  maintenance  was  $0.27 
per  ton;  of  supplies  and  tools,  $0.13  per  ton;  and  of  miscellaneous 
and  general  works  expense,  $0.55  per  ton. 

Additional  coat. — ^Under  this  caption  are  included  the  expenses 
found  in  the  profit  and  loss  accounts  of  the  companies  and  appor- 
tiwied  by  the  Bureau  to  the  several  products.  They  have  been 
grouped  under  (1)  general  and  miscellaneous  expense  and  (2)  depre- 
ciation. .  The  average  cost  of  general  and  miscellaneous  expense  for 
the  five-year  period  1902  to  1906  was  $0.75  per  ton,  and  the  avwage 
cost  of  depreciation  for  the  same  period  was  $0.62  per  ton.  As  has 
been  noted,  eai^  product  from  pig  iron  on  was  generally  charged 
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to  the  next  step  at  furnace,  works,  or  mill  cost,  instead  of  total  book 
cost,  with  the  result  that  these  items  increase  in  a  cumulative  mannra. 

Total  book  cosi.^-The  mill  cost  of  merchant  steel  bars  from  large 
billets  for  the  five-year  period  1902  to  1906  was  $26.75  per  ton.  Add- 
ing the  additional  costs  mentioned  above  gave  a  total  book  cost  for 
the  five-year  period  of  $28.12  per  ton,  which  ranged  from  $24.84  per 
ton  in  1905  to  $32.53  per  ton  in  1903.  As  in  the  case  of  the  other 
rolled  products  discussed  here,  these  total  book  costs  are  not  net  costs, 
as  they  include  profits  arising  from  the  transfer  of  materials  at  | 
prices  above  the  actual  cost  of  production  which  accrued  to  the  samt 
companies  or  interests  as  produced  these  bars. 

Mebchant  steel  babs  fboh  shall  billets. — The  production  of 
merchant  steel  bars  from  small  billets  produced  by  the  companies 
furnishing  cost  data  for  the  five-year  period  1902  to  1906  was 
1,254,067  tons. 

In  the  following  table  the  book  cost  of  producing  merchant  steel 
bars  from  small  billets  is  pven  by  years,  1902  to  1906 : 

TiBH  TO.— AVERAGE  BOOK  COST  OF  MEBCHANT  STEEL  BARS  FROU  SMALL  BILLETS, 
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The  reported  production  of  merchant  steel  bars  from  small  billets 
ranged  from  165,719  tons  in  1904  to  612,153  tons  in  1906.  Compari- 
Bons  of  annual  production  are  not  very  important  for  this  product,  as 
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only  a  relatively  Email  part  of  the  total  production  is  represented.  It 
may  be  noted,  however,  that  instead  of  showing  an  increase  in  ton- 
nage each  year,  the  production  in  1903,  1904,  and  1905  was  less  than 
in  1902,  although  in  1906  the  production  was  more  than  two  and  one- 
half  times  as  much  as  in  1902. 

Raw  maieri4d. — The  raw  material  for  the  production  of  these  mer- 
chant steel  bars  was  small  billets,  Bessemer  and  open  hearth  mixed. 
The  average  cost  of  small  billets  per  ton  of  merchant  steel  bars  for 
the  five-year  period  1902  to  1906  was  $20.31,  and  ranged  from  $18.7.5 
per  ton  in  1905  to  $22.B9  per  ton  in  1903.  These  average  coats  were 
determined  by  the  price  of  the  small  billets  per  ton  and  the  net  cost 
of  waste  in  rolling. 

It  waa  diflScult  to  relate  the  prices  at  which  the  small  billets  were 
used  with  the  cost  of  producing  them.  The  greater  part  of  the  small 
billets  was  used  at  mill  cost.  However,  on  a  small  tonnage,  particu- 
larly at  the  beginning  of  the  period,  a  considerable  profit,  rang- 
ing from  nearly  $1  to  $6  per  ton,  was  charged.  Following  the  cost 
sheets  through,  in  the  li^t  of  the  facts  available,  the  transfer  profit 
for  the  period  1902  to  1906  was  equivalent  to  about  $0.19  per  ton  of 
small  billets  iised,  which  added  $0.21  per  tan  to  the  cost  of  the  bars. 

The  average  net  cost  of  waste  was  $1.09  per  ton,  and  ranged  from 
$0.91  per  ton  in  1906  to  $1,35  per  ton  in  1903. 

Cost  above  material.—'ih&  average  cost  above  material  for  the 
five-year  period  1902  to  1906  was  $5.01  per  ton,  or  19.8  per  cent  of 
the  mill  cost. 

The  item  of  labor  comprised  more  than  one-half  of  the  total  cost 
above  material;  the  average  cost  was  $2.87  per  ton,  and  ranged  from 
$2.59  per  ton  in  1906  to  $3.80  per  ton  in  1905. 

The  average  cost  of  fuel  was  $0.30  per  ton,  and  ranged  from  $0.23 
per  ton  in  1906  to  $0.42  per  ton  in  1905. 

The  average  cost  of  steam  was  $0.59  per  ton,  and  ranged  from 
$0.46  per  ton  in  1902  to  $0.79  per  ton  in  1905. 

The  average  cost  of  rolls  was  $0.19  per  ton;  of  materials  in  repairs 
and  maintenance,  $0.25  per  ton;  of  supplies  and  tools,  $0.12  per  ton; 
and  of  miscellaneous  and  general  works  expense,  $0.69  per  ton. 

Less  work  is  required  to  reduce  a  small  billet  to  a  bar  than  is 
required  to  reduce  a  large  billet  to  a  bar,  even  though  the  bars  made 
from  large  billets  are  heavier.  Hence  nearly  all  of  the  items  of  cost 
above  material  were  less  for  bars  made  from  small  billets  than  for 
bars  made  from  large  billets. 

Additional  cost. — The  items  under  this  heading  were  derived  from 
tlie  profit  and  loss  accounts  of  the  companies,  and  apportioned  to  the 
various  products  by  the  Bureau,  as  elsewhere  described.  (See  pp. 
20-21.)  These  expenses  have  been  classified  as  (1)  general  and  mis- 
cellaneous expense,  uid  (2)  depreciation.    The  average  cost  of  gen- 
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eral  and  miscellaneous  expense  for  the  five-year  penod  1902  to  1906 
was  $0.68  per  ton,  and  the  average  cost  of  depreciati<Hi  for  the  same 
period  was  $0.78  per  ton. 

Toted  hook  coat. — ^ITie  mill  cost  of  merchant  steel  bars  made  frran 
small  billets  for  the  five-year  period  1902  to  1906  was  $25.32  per  ton 
and  the  total  book  cost,  adding  to  the  mill  cost  the  additional  costs  of 
general  expense  and  depreciation,  was  $26.73  per  ton,  which  ranged 
from  $25.32  per  ton  in  1904  to  $30.13  per  ton  in  1903.  As  a  part  of 
the  raw  materials  for  the  production  of  these  merchant  steel  bars  in 
earlier  stages  of  production  was  transferred  at  a  profit,  the  total  book 
costs  are  not  net  costs. 

The  average  total  book  cost  of  merchant  steel  bars  made  from  large 
billets  for  the  five-year  period  1902  to  1906  was  $28.12  per  ton,  and 
the  average  total  book  cost  of  merchant  steel  bars  made  from  small 
billets  for  the  same  period  was  $26.73  per  ton,  or  $1.39  per  ton  less. 
Normally  the  average  cost  of  the  small  bars  from  small  billets  would 
be  higher  than  tiie  average  cost  of  the  lai^r  siz^. 

However,  the  plants  producing  the  smaller  sizes  of  bars  from  small 
billets,  were  different  from  those  producing  the  larger  sizes  from 
lai^  billets,  and  had  different  costs  of  raw  materiiil.  Furthermore, 
a  part  of  the  merchant  bars  produced  from  small  billets  were  at  plants 
having  continuous  mills  of  the  most  modem  typo,  which  resulted  in  a 
large  production  and  a  low  cost 

FiioFrrs  on  sales  and  transfers  of  hebchant  bars. — The  total 
production  of  merchant  steel  bars  made  both  from  large  billets  and 
small  billets  for  the  five-year  period  1902  to  1906  was  5,633,847  tons. 
As  merchant  bars  are  a  finished  product,  the  greater  part  of  this  totjil 
production  was  sold,  although  a  considerable  tonnage  was  used  by 
some  companies  for  further  elaboration  into  such  products  as  bolts, 
nuts,  railroad  spikes,  fishplates,  etc. 

The  book  costs,  prices,  and  profits  for  merchant  steel  bars  sold  and 
transferred  by  years,  1902  to  1906,  are  given  in  the  following  table: 
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The  total  quantity  of  merchant  hars  produced  for  the  five-year 
period,  as  noted  above,  was  5,633,847  tons,  and  the  total  quantity  sold 
and  transferred  at  a  profit  was  5,230,029  tons.  The  tonnages  shown 
above  in  Table  71  do  not  correspond  with  the  tonnages  of  merchant 
bars  in.  Tables  69  and  70  because  of  a  different  classification  of 
merchant  bars  and  hoops  and  cottcm  ties.  The  average  cost  of  the 
total  production  was  ^7.81  per  ton,  and  the  average  cost  of  the 
total  quantity  sold  and  transferred  was  $28.43  per  ton,  or  $0.62  per 
ton  more.  This  difference  is  explained  by  differences  in  the  cost  of 
the  sizes  transferred  without  profit  and  to  different  costs  of  the  bans 
on  hand  at  the  beginning  and  close  of  the  period. 

The  total  quantity  sold  for  the  five-year  period  1902  to  1906  was 
4,342,352  tons.  The  average  cost  of  this  quantity  was  $28,83  per  ton, 
and  the  average  price  received  was  $34.39  per  ton,  affording  an 
average  profit  of  $5.56  per  ton. 

The  total  quantity  transferred  at  a  profit — that  used  in  further 
elaboration  or  in  new  construction — was  887,677  tons.  The  average 
cost  of  this  quantity  was  $26.40  per  ton,  and  the  average  transfer 
price  was  $30.24  per  tcm,  giving  an  average  transfer  profit  of  $3.84 
per  ton. 

Seotiou  9.  Book  cost  of  lioopi,  light  bandi,  and  cotton  ties,  1902-1906. 

Steel  hoops  are  chiefly  used  in  the  manufacture  of  barrels,  buckets, 
etc  They  range  in  size  from  f  to  8  inches  wide  and  ^  to  iij  inch 
thick. 

Light  bands  are  used  for  wooden  tanks,  vehicles,  cars,  etc.  The 
sizes  of  light  bands  range  from  f  to  6  inches  wide  and  from  i  to 
■fg  inch  thick. 

Cotton,  ties  are  used  for  tying  bales  of  cotton.  The  strips  are 
ordinarily  about  J  inch  wide  and  ^  inch  thick.  There  are  30  of  these 
strips.  Hi  feet  long,  in  a  bundle  of  cotton  ties,  and  with  each  strip  is 
&  piece  of  steel  called  a  buckle,  which  is  used  in  fastening  the  tie. 
After  the  bundle  is  made  up  it  is  dipped  in  tar  to  prevent  rusting. 
The  total  weight  of  a  bundle  is  45  pounds,  and  the  ties  are  sold  by  the 
bundle  instead  of  by  weight,  although  costs  of  production  are  usually 
figured  by  the  gross  ton. 

Hoops,  light  bands,  and  cotton  ties  are  rolled  from  small  billets. 
Hoops  and  light  bands  are  rolled  usually  on  a  "  three-high  "  7  or 
8  inch  hoop  mill,  and  cotton  ties  are  rolled  on  a  continuous  mill. 
(See  p,  174.)  The'  three  kinds  of  products  are  ordinarily  treated  col- 
lectively, so  far  as  sales  records  are  concerned.  However,  separate 
I'osta  were  obtained  for  the  production  of  hoops  and  light  bands  com- 
bined, and  for  cotton  ties. 

Hoops  and  uoht  bands. — The  total  production  of  hoops  and  light 
hands  for  the  five-year  period  1902  to  1906  covered  by  cost  data  was 
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500,990  tons.    The  book  cost  of  producing-  hoops  and  light  bands,  by 
years,  1902  to  1906,  is  given  in  the  following  table: 

TlBLB  73.— AVERAOS  BOOK  COST  OF  HOOPS  AND  LIOBT  BANDS,  BY  TEAB8,  mt-WA 
[la  doUan  per  grosa  ton.) 
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The  reported  production  of  hoops  and  light  bands  ranged  from 
81,798  tons  in  1903  to  113,168  tons  in  1902. 

Saw  material. — The  raw  material  for  the  production  of  hoops  and 
light  bands  was  small  Bessemer  billets.  The  average  cost  of  these 
small  billets  per  ton  of  hoops  and  light  bands  for  the  five-year  period 
was  $22.17,  and  ranged  from  $19  per  ton  in  1905  to  $26.51  per  ton 
in  1902.  As  in  the  case  of  the  rolled  products  previously  discussed 
the  cost  of  small  billets  per  ton  of  product  was  determined  by  the 
price  per  ton  at  which  they  were  used  and  the  net  cost  of  waste  in 
rolling. 

A  part  of  the  small  billets  was  used  at  mill  cost  and  a  part  was 
used  at  prices  which  included  transfer  profits.  It  was  difficult  to 
determine  just  how  much  profit  was  involved  in  the  prices  of  the  small 
billets  transferred  at  a  profit.  From  the  information  available  it  ap- 
peared that  the  transfer  profit,  averaged  over  the  whole  period, 
amounted  to  about  $0.78  per  ton  of  small  billets,  which  increased 
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the  cost  of  hoops  and  light  bands  $0.85  per  ton.  The  average 
price  of  the  small  billets  for  the  five-year  period  was  $20.98  per 
ton,  and  ranged  from  $18.08  per  ton  in  1905  to  $25.07  per  ton 
in  1902. 

The  average  net  cost  of  waste  was  $1.19  per  ton,  and  ranged  from 
$0.97  per  ton  in  1905  to  $1.44  per  ton  in  1902. 

Coat  above  matericd. — The  average  cost  above  materitU  for  the  five- 
year  period  1902  to  1906  was  $8.43  per  ton,  or  27.5  per  cent  of  the 
mill  cost. 

The  item  of  labor  comprised  60  per  cent  of  the  cost  above  material. 
The  average  cost  of  labor  was  $5.04  per  ton,  and  ranged  from  $i.81 
per  ton  in  1904  to  $5.13  per  ton  in  1902  and  1903.  Barring  the  year 
Ii'04,  in  which  there  was  a  decline  in  wages  of  about  10  per  cent. 
ihp  average  cost  of  labor  was  nearly  uniform. 

The  item  of  steam  is  important  in  the  rolling  of  hoops  a.nd  light 
bands  because  of  the  power  necessary  to  reduce  the  material  to  the 
small  sizes  of  the  finished  product.  The  average  cost  of  steam  was 
SI  .30  per  ton,  and  ranged  from  $1.22  per  ton  in  1902  to  $1.46  per  ton 
in  1903.  The  other  items  of  cost  above  material  call  for  no  special 
comment. 

Additional  cost. — Under  this  caption  are  included  such  expenses 
as  were  found  in  the  profit  and  loss  accounts  of  the  companies  and 
apportioned  by  the  Bureau  in  a  manner  elsewhere  described.  (See 
pp.  20-21.)  They  have  been  grouped  under  (1)  general  and  miscel- 
laneous expense  and  (2)  depreciation.  The  average  cost  of  general 
and  miscellaneous  expense  for  the  five-year  period  1902  to  IflOC  was 
SO.CO  per  ton,  and  the  average  cost  of  depreciation  for  the  same  pe- 
riod was  $0.47  per  ton.  It  should  be  remembered  that  these  addi- 
tional costs  are  cumulative,  as  the  raw  materials  for  this  and  earlier 
sfages  of  manufacture  were  used  at  furnace,  works,  or  mill  cost 
mstead  of  at  total  book  cost. 

Total  hook  cost. — The  mill  cost  of  hoops  and  light  bands  for  the 
five-year  period  1902  to  190G  was  $30.60  per  ton.  Adding  to  this  the 
additional  costs,  stated  above,  gave  a  total  book  cost  for  the  five-year 
period  of  $31.67  per  ton.  The  range  of  total  book  cost  was  from 
$28.10  per  ton  in  1905  to  $36.10  per  ton  in  1902. 

As  in  the  case  of  the  other  rolled  products  discussed  in  this  chap- 
ter, these  total  book  costs  are  not  net  costs,  as  they  include  profits 
arising  from  the  transfer  of  raw  materials  at  prices  above  the  actual 
coat  of  production  which  accrued  to  the  same  companies  or  interests 
as  produced  these  hoops  and  light  bands. 

Cotton   TiEfl. — ^The  production   of  cotton   ties   for  the  five-year 
period  1902  to  1906,  for  which  cost  data  were  obtained,  was  122,223 
77232°— 18 18 
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tons.    Iq  the  following  table  the  book  cost  of  prodacing  cotton  ties  if 
given  by  years,  1902  to  1906: 

TuLB  71— AVBEAGB  BOOK  COST  OF  COTTON  TIES,  BY  YEAB8, 
[Id  daUora  per  graas  ton.] 
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Eaw  material. — The  raw  material  for  the  production  of  cotton  ties 
was  small  Bessemer  billets,  the  average  cost  of  which  for  the  five- 
year  period  1902  to  1906  was  $20.99  per  ton,  ranging  from  $18.09  per 
ton  in  1905  to  $26.54  in  1902. 

A  considerable  quantity  of  the  small  billets  was  transferred  at  a 
profit  over  the  mill  cost  of  producing  them.  The  transfer  profit 
charged,  as  related  to  the  total  quantity  of  small  billets  used, 
amounted  to  about  $1  per  ton  of  billets,  which  was  equivalent  to  $1.07 
per  ton  of  cotton  ties  produced.  In  other  words,  the  cost  of  cotton 
ties  was  increased  $1,07  per  ton  on  account  of  the  profit  realized  by 
allied  companies  or  departments  on  the  small  billets  transferred  to 
the  plants  using  them  for  making  cotton  ties.  The  average  price  at 
which  the  small  Bessemer  billets  were  used  was  $19.93  per  ton,  and 
ranged  from  $17.17  per  ton  in  1905  to  $25.23  per  ton  in  1902. 

The  average  net  cost  of  waste,  which  is  the  connecting  link  between 
the  price  of  small  billets  used  and  the  cost  of  the  small  billets  per  ton 
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of  cotton  ties,  was  $1.06  per  ton.  The  variation  in  the  average  net 
cost  of  waste,  by  years,  was  considerable — from  $0.67  per  ton  in  1906 
to  $1.31  per  ton  in  1902.  This  large  variation  was  due  principally  to 
differences  in  the  price  of  small  billets. 

Cost  above  material. — The  average  cost  above  material  for  the 
five-year  period  1902  to  1906  was  $8.14,  or  27.9  per  cent  of  the  mill 
cost. 

The  item  of  labor  comprised  over  50  per  cent  of  the  total  cost  above 
material.  The  average  cost  of  labor  was  $4.22  per  ton,  and  ranged 
from  $3.99  per  ton  in  1906  to  $4.48  per  ton  in  1903. 

The  items  of  cost  above  material  other  than  labor  amounted  to 
$3.92  per  ton. 

Additional  coat. — ^The  items  under  this  head  were  derived  from  the 
profit  and  loss  accounts  of  the  companies  and  apportioned  by  the 
Bureau  to  the  several  products.  They  included  (1)  general  and  mis- 
cellaneous expense,  and  (2)  depreciation.  The  average  cost  of  gen- 
eral and  miscellaneous  expense  for  the  five-year  period  was  $0.80  per 
ton,  and  the  average  cost  of  depreciation  for  the  same  period  was 
$0.64  per  ton.  As  repeatedly  noted,  these  additional  costs  are  cumu- 
lative as  the  raw  materials  for  the  different  stages  of  production 
were  used  at  furnace,  works,  or  mill  cost  instead  of  total  book  cost. 

Total  book  cost. — The  mill  cost  of  cotton  ties  for  the  five-year 
period  1902  to  1906  was  $29.13  per  ton,  and  the  total  book  cost- 
adding  to  mill  cost  the  additional  costs  of  general  and  miscellaneous 
expense  and  depreciation — was  $30.57  per  ton,  and  ranged  from 
$27.32  in  1905  to  $36.50  in  1902. 

It  will  be  seen  that  the  total  book  cost  of  cotton  ties  was  less  than 
the  total  book  cost  of  hoops  and  light  bands  notwithstanding  the 
fact  that  the  cotton  ties  were  much  lighter  than  the  ordinary  sizes  of 
hoops  and  light  bands.  This  was  because  cotton  ties  required  few 
changes  in  the  operation  of  the  mills  which  permitted  a  large  output, 
when  the  size  of  the  product  is  taken  into  consideration.  Further- 
more, the  mills  producing  cotton  ties  were,  for  the  most  part,  con- 
tinuous mills,  which  increase  the  capacity  and  reduce  the  labor  cost. 

The  total  book  costs  of  cotton  ties,  as  shown  by  the  cost  statement, 
are  aot  net  costs,  as  they  included  profits  arising  from  the  transfer 
of  materials  at  prices  above  the  actual  cost  of  production,  which 
profits  accrued  to  the  same  companies  or  interests. 

PbOFITS  on  BAT.FJ  AND  TSANSFEBS  OF  HOOPS,  LIGHT  BANDS,  AND  COTTON 

TIES. — The  total  production  of  hoops,  light  bands,  and  cotton  ties 
for  the  five-year  period  1902  to  1906  was  623,213  tons.  As  these  are 
finished  products,  practically  the  total  quantity  was  sold. 
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The  book  costs,  prices,  and  profits  for  hoops,  light  bands,  and  cot- 
ton ties,  sold  or  transferred  at  a  profit,  by  years,  1902  to  1906,  are 
given  in  the  following  table : 

Tabu  74.— BOOK  COSTS,  PKICE8,  AND  PROFITS  FOK  HOOPS,  LIOHT  BANDS,  AND 

COTTON  TIES  SOLD  OR  TRANSFERRED  AT  A  PROFIT,  BY  YEARS,  IWO-ISOO. 

[In  dollars  per  [nisa  ton.] 
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The  total  production  of  hoops,  light  bands,  and  cotton  ties  for  the 
five-year  period  1902  to  1906  was  623,213  tons,  and  the  total  quantity 
sold  and  transferred  at  a  profit  for  the  same  period  was  670,022  tons. 
The  excess  tonnage  of  sales  and  transfers  was  due  to  the  fact  that 
certain  bands  included  in  the  cost  for  merchant  steel  bars  were  in- 
cluded in  the  sales  statements  of  hoops,  light  bands,  and  cotton  ties. 
The  average  cost  of  the  total  production  of  hoops,  light  bands,  and 
cotton  ties  was  $31.46  per  ton,  and  the  average  cost  of  the  quantity 
sold  and  transferred  at  a  profit  was  $31.35  per  ton,  a  difference  of 
$0.11  per  ton,  which  was  due  probably  to  the  inclusion  of  merchant 
steel  bars,  which  had  a  lower  average  cost. 

The  total  quantity  sold  was  668,972  tons.  The  average  cost  of  this 
quantity  was  $31.35  per  ton  and  the  average  price  received  was  $39.12 
per  ton,  affording  an  average  profit  of  $7.77  per  ton. 

The  quantity  transferred  amounted  to  only  1,050  tons.    The  cost 
of  this  quantity  was  $28.35  per  ton,  and  the  transfer  price  was  $28.08 
per  ton,  showing  a  loss  from  transfers  of  $0.27  per  ton. 
Section  10.  Book  cost  of  wire  rods,  1902-1006. 

Wire  rods  are  used  for  the  manufacture  of  'smooth  vrire.  The 
term  "  wire  rods "  might  be  thought  to  imply  something  round 
and  straight.  However,  the  rods  can  not  be  rolled  perfectly  round 
because  of  the  imperfect  accommodation  of  the  rolls.^  to  each  other, 
and  they  are  not  straight  for  the  reason  that  they  are  so  long  that 
they  can  be  handled  only  in  coils.  The  size  or  gauge  of  the  wire  rod 
made  and  the  weight  of  the  large  billet  used  determine  the  length  of 
the  coil. 

The  sizes  or  gauges  of  wire  rods,  according  to  the  American  Steel 
&  Wire  Co.  standard,  which  is  the  one  used  in  the  United  States, 
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range  from  about  §  to  |  inch  in  diameter.  These  extreme  sizes,  how- 
ever, are  not  c<Hnmon.  The  No.  5  gauge,  which  is  a,  little  less  than 
J  inch  in  diameter  may  be  termed  the  common  commercial  size  of 
wire  rods. 

Wire  rods  are  usually  rolled  from  large  billets  (4  by  4  inches 
square),  the  reduction  in  size  being  carried  part  of  the  way  on  one 
group  of  rolls  and  completed  on  another  group  of  rolls  which  reduces 
the  material  to  the  size  of  the  finished  rod.  These  mills  are  of  two 
principal  types,  namely,  "  Garrett "  mill  and  "  Morgan  "  mill.  The 
Garrett  mill  consists  of  a  set  of  large  "  three-high  "  rolls,  usually  18 
inches  in  diameter,  through  which  the  billet  passes  backward  and 
forward  until  the  greater  part  of  the  reduction  in  size  is  accom- 
plished. After  the  material  has  be«n  sufficiently  reduced  <m  this  set 
of  rolls,  it  is  passed  to  a  similar  train  of  smaller  rolls  which  revolve 
at  a  higher  speed,  and  from  these  to  other  rolls  in  which  the  speed  is 
still  greater,  each  pass  adding  to  the  length  of  the  piece  which,  as  it 
dwindles  in  section  and  increases  in  length  is  taken  care  of  on  sloping 
floors,  which  prevent  the  loops  frtHn  being  tangled  as  the  pieces  pass 
out  of  and  into  the  rolls  again.  The  Morgan  mill  is  continuous; 
that  is,  instead  of  the  metal  passing  backward  and  forward  through 
sets  of  three-high  rolls,  it  is  run  through  a  series  of  rolls,  each  of 
which  revolves  at  a  speed  enough  hi^er  than  that  of  the  preceding 
to  take  up  the  increase  in  length  caused  by  the  reduction  in  gauge  in 
the  preceding  pair  of  rolls. 

During  the  five-year  period  1902  to  1906  the  production  of  wire 
rods  in  the  United  States  was  8,457,078  tons ;  of  this  total  production 
the  cost  data  which  are  presented  cover  6,867,310  tons,  or  81.2  per  cent. 
The  average  book  cost  of  producing  wire  rods,  by  years,  1902  to  1906, 
is  shown  in  the  following  table: 

TiBLi  7S.— AVERAGE  BOOK  COST  OP  WIRE  RODS,  BY  YBABB,  19tO-1906. 
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The  production  of  wire  rods  covered  by  cost  data  for  the  five-year  | 
period  1902  to  1906  ranged  from  1,157^79  tons  in  1902  to  1,559,464  j 
tons  in  1906,  The  production  showed  a  steady  increase  during  the 
period  notwithstanding  the  depression  in  the  iron  and  steel  industry  i 
in  1904,  which  was  noticeable  in  the  production  of  most  of  the  other  ' 
steel  products. 

Raw  material. — The  raw  material  for  the  production  of  wire  rods  ■ 
was  large  billets.  Nearly  three-fourths  of  the  steel  used  was  Bes- 
semer and  the  remainder  was  open  hearth,  of  which  a  considerable  ! 
part  was  acid.  The  average  cost  of  the  large  billets  per  ton  of  rods 
for  the  five-year  period  1902  to  1906  was  $21.42,  and  ranged  from 
$20.29  per  ton  in  1905  to  $23.35  per  ton  in  1903.  The  price  of  the 
large  billets  per  ton  and  the  net  cost  of  waste  in  rolling  determine 
the  cost  of  the  large  billets  per  ton  of  wire  rods.  ! 

The  average  price  of  the  large  billets  used  was  $20.41  per  ton,  and 
ranged  from  $19.31  per  ton  in  1905  to  $22.29  per  ton  in  1903.     It  is 
difficult  to  relate  the  prices  at  which  the  billets  were  used  to  the  costs 
of  producing  them.     A  considerable  tonnage  of  the  large  billets  was 
transferred  from  the  steel  works  to  the  rod  mills  at  cost;  however,   ' 
some  of  the  rod  mills  were  quite  distant  from  the  plants  from  which  '■ 
they  obtained  their  steel,  and  hence  the  price  of  the  large  billets   : 
included  an  item  of  freight.     A  small  tonnage  of  large  billets  was 
transferred  at  a  profit.    This  transfer  profit  as  related  to  the  total 
consumption  of  large  billets  for  the  five-year  period  averaged  about 
$0.15  per  ton,  which  increased  the  cost  of  the  total  production  of 
wire  rods  $0.16  per  ton.  ! 

The  average  net  cost  for  waste  was  $1.01  per  ton  and  ranged  from 
$0.98  per  ton  in  1905  to  $1.06  per  ton  in  1903.  For  four  years  of  this 
period  the  average  net  cost  of  waste  differed  no  more  than  $0.03  per 
ton.    The  value  of  the  scrap  recovered  was  comparatively  low,  due   ' 
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to  the  fact  that  the  scrap  was  fine  and  required  considerable  work  to 
put  the  long,  tangled  pieces  into  such  shape  that  they  could  be  con- 
veniently bandied  for  reworking  in  open-hearth  furnaces. 

Cost  above  matekial. — The  average  cost  above  material  for  the 
five-year  period  1902  to  1906  was  $3.81  per  ton,  or  15.1  per  cent  of 
the  mill  cost. 

The  item  of  labor  averaged  $1.53  per  ton  and  ranged  from  $1.41 
per  ton  in  1906  to  $1,74  per  ton  in  1902.  Considering  the  small  size 
of  the  product,  the  cost  of  labor  in  making  wire  rods  was  very  low, 
which  was  due  to  the  facilities  for  handling  large  quantities. 

The  average  cost  of  fuel  was  $0.37  per  ton  and  showed  no  signifi- 
cant variation  from  year  to  year. 

The  cost  of  steam  was  necessarily  hig^,  because  of  the  great  and 
rapid  reduction  from  the  lai^  sectitm  of  a  billet  to  the  small  section 
of  a  wire  rod.  The  average  cost  of  this  item  was  $1.10  per  ton  and 
ranged  from  $0.96  per  ton  in  1905  to  $1.28  per  ton  in  1902. 

The  average  cost  of  rolls  was  only  $0.10  per  ton.  Although  the 
reduction  to  wire  rods  requires  a  considerable  number  of  rolls,  they 
are  simple  in  form,  and  hence  the  average  cost  was  not  high. 

The  average  cost  of  materials  in  repairs  and  maintenance  was 
$0.22  per  ton.  The  average  cost  of  supplies  and  tools  was  $0.14  per 
ton,  and  the  average  cost  of  miscellaneous  and  general  works  expense 
was  $0.35  per  ton. 

Additionai,  cost. — Under  this  caption  are  included  such  expenses 
as  were  found  in  the  pi^>fit  and  loss  accounts  of  the  companies  and 
which  were  prorated  by  the  Bureau.  They  have  been  grouped  under 
(1)  general  and  miscellaneous  expense,  and  (2)  depreciation.  The 
average  cost  of  general  and  miscellaneous  expense  for  the  five-year 
period  19{fi  to  1906  was  $1.11  per  ton,  and  the  average  cost  of 
depreciation  for  the  same  period  was  $0.87  per  ton.  It  should  he 
remembered  that  these  additional  costs  are  cumulative,  as  the  raw 
materials  for  this  and  earlier  stages  of  manufacture  were  used  at 
furnace,  works,  or  mill  cost  instead  of  total  book  cost. 

Total  book  cost. — The  average  mill  cost  of  wire  rods  for  the  five- 
year  period  1902  to  1906  was  $25.23  per  ton,  and  the  total  book  cost, 
obtained  by  adding  to  the  mill  cost  the  additional  costs  named  above, 
was  $27.21  per  ton.  The  range  in  total  book  cost  was  from  $25.21 
per  ton  in  1905  to  $29.63  per  ton  in  1903.  As  repeatedly  noted,  these 
total  book  costs  are  not  net  costs,  as  they  include  profits  arising  from 
the  transfer  of  materials  at  prices  above  the  actual  cost  of  production 
which  accrued  to  the  same  companies  or  interests. 

PaonTs  ON  SALES  ANo  TRANSFERS  OF  WIRE  BODS. — The  productlon  of 
wire  rods  for  the  five-year  period  1902  to  1906  covered  by  the  fore- 
going cost  statement  was  6,867,310  tons.  Of  this  total  quantity  ap- 
proximately 68  per  cent  was  used  at  mill  cost  in  the  muiufacture  of 
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wire.  The  remainder  was  either  sold  or  ti:ansferred  at  a  profit.  In 
the  following  table  are  given  the  book  costs,  prices,  and  profits  for 
wire  rods  sold  or  transferred  at  a  profit,  by  years,  1902  to  1906. 
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The  average  cost  for  the  total  production  for  the  five-year  period 
was  $27.21  per  ton,  and  the  average  cost  of  the  quantity  sold  and 
transferred  at  a  profit  was  $26.67  per  ton,  or  $0.54  less.  This  was 
due  to  the  fact  that  the  average  cost  of  the  quantity  used  at  rail!  cost 
was  higher  than  the  average  cost  of  the  quantity  sold  and  transferred. 

The  quantity  sold  was  743,206  tons.  The  average  cost  of  the  quan- 
tity sold  was  $27.88  per  ton,  and  the  average  price  received  was 
$31,13  per  ton,  affording  an  average  profit  of  $3.25  per  ton. 

The  total  quantity  transferred  at  a  profit  amounted  to  1,424,976 
tons.  The  average  cost  of  the  quantity  transferred  was  $26.04  per 
ton  and  the  average  transfer  price  was  $26.56  per  ton,  giving  an  aver- 
age transfer  profit  of  $0.52  per  ton.  Wire  rods  were  transferred  at 
an  average  loss  of  $0.53  per  ton  in  1904.  The  average  transfer  profit 
for  the  other  years  ranged  from  $0.27  per  ton  in  1906  to  $2.60  per  ton 
in  1902. 

Section  11.  Book  cost  of  1)rig:ht  coarse  wire,  1902-1906. 

Wire  is  made  by  drawing  wire  rods  through  dies  of  successively 
diminishing  gauge,  by  which  the  wire  is  made  each  time  a  little 
smaller  in  diameter  until  the  required  size  is  reached.  A  die  is 
simply  a  piece  of  chilled  steel  through  which  a  tapered  hole  is  made. 
Ordinarily  the  dies  are  fixed  on  a  "bench  "  between  two  reels;  the 
first  reel  holds  the  coil  of  wire  rods  or  unfinished  wire,  and  the 
second  reel,  driven  by  power,  draws  the  wire  through  the  die  and 
coils  it  up.  The  wire,  having  a  tapered  point,  is  thrust  through  the 
hole  in  the  die  and  grasped  by  a  pair  of  tongs  and  pulled  througli 
until  it  can  be  attached  to  the  second  reeL 
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There  is  a  wide  range  in  the  sizes  of  wire  manufactured.  The 
ordinary  range  in  size  is  from  No.  0  gauge,  which  is  about  ^  inch  in 
diameter,  to  No.  20  gauge,  which  is  about  -^  inch  in  diameter. 

There  is  naturally  a  great  difference  in  the  cost  of  manufacturing 
the  different  sizes  and  kinds  of  wire.  The  extra  labor  and  expense 
in  drawing  the  fine  sizes  of  wire  is  considerable.  The  various  differ- 
ences in  finish  also  account  for  considerable  differences  in  cost.  Into 
these  widely  varying  costs  it  is  impossible  to  go  within  the  limits  of 
this  report.  However,  the  general  foundation  of  them  all  is  bright 
coarse  wire,  the  primary  product  made  from  wire  rods. 

The  production  of  bright  coarse  wire  for  the  five-year  period  1902 
to  1906  covered  by  cost  data  was  6,510,368  net  tons.  The  book  cost 
of  producing  bright  coarse  wire  by  years,  1902  to  1906,  is  given  in  the 
following  table: 

Tablx  77.— average  BOOK  COST  OF  BRIGHT  COARSE  WIRE,  BY  YEARS,  1M2-1V0B. 
[In  doUus  pra  oat  toL] 
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The  reported  production  of  bright  coarse  wire  rwiged  from  1,065,- 
653  net  tons  in  1902  to  1,481,965  net  tons  in  1905.  The  production 
from  year  to  year  was  fairly  uniform. 

Raw  material. — The  raw  material  for  the  production  of  bright 
coarse  wire,  as  already  noted,  wag  wire  rods.  The  average  cost  of 
the  wire  rods  per  net  ton  of  bright  coarse  wire  produced  for  the 
five-year  period  was  $23.50,  and  ranged  from  $22.29  in  1905  to  $25.32 
in  1903.  This  average  cost  was  determined  by  the  price  of  the  wire 
rods  used  and  the  net  cost  of  wast«  in  rolling. 

The  average  price  of  the  wire  rods  was  $22.99  per  net  ton,  and  the 
mill  cost  of  wire  rods  produced  for  the  period  (see  Table  75)  was 
$25.23  per  gross  ton,  which  is  equivalent  to  $22.53  per  net  ton,  so 
that  the  "average  price  at  which  the  rods  were  used  was  $0.46  per  net 
ton  greater  than  their  average  mill  cost.  The  greater  part  of  this 
was  due  to  freight  on  rods  shipped  from  rod  mills  to  wire  plants 
which  did  not  have  rod  mills.  In  addition  to  the  element  of  freight, 
the  price  of  rods  included  certain  transfer  profits.  By  reference  to 
Table  76,  page  246,  giving  the  disposition  of  the  wire  rods  produced, 
it  will  be  seen  that  1,424,976  gross  tons  were  transferred  at  an  aver- 
age profit  of  $0.52  per  ton.  The  amount  of  this  profit,  as  related 
to  the  total  consumption  of  wire  rods,  was  equivalent  to  $0.11  per 
net  ton,  which  increased  the  cost  of  bright  coarse  wire  for  the  five- 
year  period  $0.12  per  net  ton. 

The  average  net  cost  of  waste  was  $0,51  per  net  ton,  and  ranged 
from  $0.46  per  net  ton  in  1904  to  $0.56  in  1903.  The  cost  of  waste, 
on  account  of  the  absence  of  heating  and  oxidation,  was  much  less 
than  in  the  products  heretofore  considered. 

Cost  above  materiai- — The  average  cost  above  material  for  the 
five-year  period  1902  to  1906  was  $3.49  per  net  ton,  or  12.9  per  cent 
of  the  mill  cost. 

The  item  of  labor  comprised  46  per  cent  of  the  cost  above  material. 
The  average  cost  of  this  item  was  $1,62  per  net  ton,  and  ranged  from 
$1.47  per  net  ton  in  1906  to  $1.91  in  1902. 

The  average  cost  of  steam  was  $0.40  per  ton.  No  item  of  fuel 
appears  for  bright  coarse  wire,  as  it  is  worked  without  being  heated. 
The  average  cost  of  materials  in  repairs  and  maintenance  was  $0.08 
per  net  ton ;  of  supplies  and  tools,  $0.10  per  net  ton ;  and  of  miscel- 
laneous and  general  works  expense,  $0.17  per  net  ton. 

In  the  production  of  bright  coarse  wire  there  are  several  expenses, 
such  as  cleaning,  coating,  annealing,  testing,  weighing,  etc,  which 
are  not  found  for  the  products  hitherto  considered.  By  far  the  most 
important  of  these  items  is  the  item  of  cleaning  and  coating  which 
covers  the  expense  of  specially  preparing  the  wire.  This  expense 
averaged  $0.95  per  net  ton  and  ranged  from  $0.87  per  net  ton  in 
1904  to  $1.05  in  1902. 
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Additionai-  cost.— The  items  under  this  head  were  derived  from 
tile  profit  and  loss  accounts  of  the  craupany  and  apportioned  by  the 
Bureau  to  the  several  products.  They  were  gtouped  under  (1)  gen- 
eral and  miscellaneous  expense,  and  (2)  depreciation.  The  average 
cost  for  general  and  miscellaneous  expense  for  the  five-year  period, 
1902  to  1906,  was  $1.24  per  net  ton,  and  the  average  cost  of  deprecia- 
tion for  the  same  period  was  $0.89  per  net  ton.  As  the  raw  materials 
for  the  different  stages  of  production  were  used  at  furnace,  works,  or 
mill  cost,  instead  of  total  book  cost,  these  items  of  additional  cost 
increase  in  a  cumulative  manner. 

.Total  book  cost. — The  mill  cost  of  bright  coarse  wire  for  the  five- 
year  period,  1902  to  1906,  was  $26.99  per  net  ton.  Adding  to  this 
the  additional  cost  of  general  expense  and  depreciation  gave  a  total 
book  cost  of  $29.12  per  net  ton,  which  ranged  from  $27.21  per  net 
ton  in  1905  to  $32.30  in  1902. 

These  total  book  costs  are  not  net  costs,  as  the  raw  materials  were 
used  at  a  profit  over  and  above  the  actual  cost  of  production,  which 
profit  accrued  to  the  same  companies  or  interests, 

Pkofits  on  8ai;es  ano  transfers  of  wire  and  wire  prodttctb. — The 
total  production  of  bright  coarse  wire,  as  shown  by  the  foregoing  cost 
statement,  for  the  five-year  period  1902  to  1906  was  6,510,368  net 
tons.  The  greater  part  of  this  was  sold.  However,  a  cmisiderable 
tonnage  was  transferred  at  a  profit  and  used  by  the  same  companies 
in  the  manufacture  of  nails,  woven-wire  fence,  poultry'  netting,  etc. 
In  the  following  table  are  given  the  book  costs,  prices,  and  profits  for 
wire  and  wire  products  sold  or  transferred  at  a  profit,  by  years, 
1902  to  1906 : 
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It  should  be  noted  that  the  results,  as  shown  by  the  proflt  and  loss 
accounts,  and  given  in  the  preceding  table,  are  for  wire  of  all  kinds 
snd  sizes,  including  certain  wire  products,  and  not  for  bright  coarse 


.A'Oo^lc 


260  THE   8TBEL  INDU8THT. 

wire  alone.  In  view  of  this  fact  it  is  not  surpriBing  to  find  a  large 
difference  between  the  average  cost  of  producing  bright  coarse  wire 
and  the  average  cost  of  the  quantity  of  wire  sold  or  transferred  at  a 
profit,  as  the  latter  included  many  grades  which  would  not  come 
under  the  classification  of  bright  coarse  wire. 

The  tonnage  of  wire  covered  by  the  cost  statement  was  6,510,368 
net  tons,  and  the  average  cost  was  $29.12  per  net  ton  for  bright  coarse 
wire  alone.  The  total  quantity  sold  and  transferred  at  a  profit  was 
7,039,470  net  tons,  the  average  cost  of  whidi  was  $43.03  per  net  ton, 
or  $13.91  per  net  ton  more  than  the  average  cost  of  producing  bright 
coarse  wire.  This  large  difference  was  due  to  the  fact  that  this  cost 
comprised  other  wire  products  besides  bright  coarse  wire.  It  was 
impossible  to  follow  out  the  extra  cost  of  the  different  varieties  and 
sizes  of  wire  which  entered  into  the  average  cost,  as  shown  by  the 
profit  and  loss  accounts.  There  was  also  a  considerable  difference 
in  tonnage,  which  was  due  in,  part  to  the  coating  of  painted  and 
galvanized  wire. 

The  quantity  of  wire  sold  for  the  five-year  period  1903  to  1906 
was  6,338,408  net  tons.  The  average  cost  of  this  quantity  was  $44.50 
per  net  ton,  and  the  average  price  received  was  $52.16  per  net  ton, 
affording  an  average  profit  of  $7.66  per  net  ton. 

The  total  quantity  transferred  at  a  profit  and  used  by  the  same 
companies  in  further  manufacture  was  701,062  net  tons.  The  average 
cost  of  the  total  quantity  used  was  $29.75  per  net  ton,  and  the  aver- 
age price  at  which  it  was  used  was  $30.08  per  net  ton,  giving  an 
average  transfer  profit  of  $0.83  per  net  ton. 

The  average  profit  on  the  total  quantity  sold  and  transferred  at 
a  profit  has  little  significance  so  far  as  tiie  discussion  of  costs  is 
concerned. 

Section  12.  Book  cost  of  black  sheets,  1902-1906. 

Sheets  are  thin,  wide  pieces  of  steel  used  for  roofing,  for  making 
various  receptacles,  stovepipe,  etc.  They  are  also  Uie  basis  for  the 
coating  with  tin  which  transforms  sheets  into  tin  plate. 

The  ordinary  thicknesses  of  sheets  range  from  No.  10  gauge, 
which  is  ^  inch  thick,  to  No.  30  gauge,  which  is  -^  inch  thick.  As 
commonly  sold,  they  range  in  width  from  24  to  36  inches,  and  in 
length  frran  72  to  120  inches. 

The  process  of  rolling  sheets  differs  from  the  process  of  rolling 
such  products  as  rails,  structural  shapes,  bars,  etc.,  as  the  rolls,  instead 
of  having  specially  designed  grooves,  which  form  the  shape  of  the 
product,  are  perfectly  smooth,  as  is  also  the  case  for  plates. 

Black  sheets  are  rolled  frcnn  sheet  bars  <m  what  is  known  bs  a 
sheet  milL    The  reduction  is  made  by  a  number  of  passes  between 
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rolls  of  large  diameter.  After  the  pieces  are  reduced  to  a  oertsin 
thickness,  they  are  doubled  bo  that  two  or  more  thicknesses  are  passed 
between  the  rolls  at  the  same  time.  This  doubling  is  repeated,  and 
the  sheets  come  out  in  a  pack  so  closely  united  by  the  pressure  of 
the  rolls  that  it  is  necessary  to  pull  them  apart  in  eeparating  the 
individual  sheets.  Soiling  the  sheets  in  this  way  not  only  facilitates 
the  process  of  reducing  them  to  the  proper  gauge  but  it  also  prevents 
the  excessive  oxidation  which  would  oconr  if  all  the  surfaces  were 
constantly  exposed  to  the  air. 

Sheets  are  divided  into  (1)  black  sheets,  or  tjiose  intended  to  be 
used  aa  sheets  without  coating,  and  (2)  black  plate,  which  is  of 
ihe  same  material,  although  intended  for  further  treatment  to  make 
it  suitable  for  tinning. 

The  total  production  of  black  sheets  for  the  period  1902  to  1906 
covered  by  cost  data,  was  2,418,214  net  tons.  In  the  following  table 
the  book  cost  of  producing  black  sheets,  by  years,  1902  to  1906,  is 
given: 

TiBLi  79.— AVEBAOE  BOOR  COST  OH'  BLACK  SHEETS.  BT  TSAB8,  ld02-190«. 
[In  dollan  pci  net  ton.] 
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The  reported  production  of  black  sheets  covered  by  the  foregoing 
cost  statement  ranged  from  356,840  net  tons  in  1903  to  679,242  net 
tons  in  1906. 
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Baw  UATKRiAih — The  raw  material  for  the  production  of  black 
sheets  was  Bessemer  and  open-hearth  sheet  bars.  The  average  cost 
of  sheet  bars  per  net  ton  of  black  sheets  for  the  five-year  period 
190-2  to  1906  was  $22.99,  and  ranged  from  $21.09  in  1905  to  $25.74 
in  1903.  The  cost  of  sheet  bars  per  net  tcm  of  black  sheets  was 
determined  by  the  price  of  the  sheet  bars  used  and  the  net  cost  of 
the  waste  in  rolling. 

The  average  price  of  the  sheet  bars  used  was  $21.26  per  net  ton, 
and  ranged  from  $19.42.  per  net  ton  in  1904  to  $23.56  in  1903.  It 
was  difficult,  and  in  many  cases  impossible,  to  trace  the  sheet  bars 
used  to  their  origin  in  order  to  determine  the  relation  of  the  price 
to  their  cost  or  to  ascertain  the  profit  charged  in  the  transfers,  as 
the  sheet  bars  of  a  given  steel  plant  may  have  gone  partly  into  black 
sheets  and  partly  into  black  plate,  and  the  sheet  bars  used  in  making 
each  product  may  have  been  the  product  of  more  than  one  steel  plant 
However,  a  considerable  tonnage  of  the  sheet  bars  used  was  from  the 
Tonnage  reported  by  the  companies  as  transferred  at  a  profit,  as  shown 
by  Table  56,  page  207,  and  the  small  tonnage  of  open-hearth  sheet  bars 
transferred  at  a  loss,  as  shown  by  Table  57,  page  208.  Of  the  total 
Bessemer  and  open-hearth  sheet  bars  used  by  the  companies,  approxi- 
mately equal  proportions  were  used  for  making  black  sheets  and  for 
making  black  plates.  Assuming  the  same  rate  of  transfer  prc^t  would 
indicate  that  the  sheet  bars  used  for  black  sheets  were  used  at  an 
average  profit  for  the  five-year  period  of  $1.82  per  net  ton,  equivalent 
to  $2.11  per  net  ton  of  black  sheets  produced. 

The  average  net  cost  of  waste  for  the  five-year  period  1902  to  1906 
was  $1.73  per  net  ton,  and  ranged  from  $1.49  per  net  ton  in  1905,  the 
year  of  the  lowest  cost  of  sheet  bars,  to  $2.18  in  1903,  the  year  of 
the  highest  cost  of  sheet  bars.  The  sides  and  ends  of  the  sheet  are 
ragged  and  must  be  sheared,  which  involves  a  large  percentage  of 
scrap.  However,  the  formation  of  iron  oxide,  which  necessarily  takes 
place  in  the  exposure  of  the  large  surface  of  the  sheets,  is  relatively 
large,  and  the  oxygen  which  is  taken  up  by  the  iron  in  this  way  in- 
creases the  weight  of  the  product,  so  that  there  is  often  little  or  no 
loss  in  weight. 

Cost  abovb  hatebial. — The  total  cost  above  material  for  the  five- 
year  period  1902  to  1906  was  $14.51  per  net  ton,  or  38.7  per  cent 
of  the  mill  cost 

The  average  cost  of  labor  was  $10.39  per  net  ton,  and  ranged  from 
$9.60  per  net  ton  in  1904  to  $11.96  in  1903.  The  decrease  in  the  cost 
of  labor  in  1904  was  due  largely  to  a  reduction  of  18  per  cent  in  the 
wages,  which  became  effective  in  April,  1904.  Blati  sheets  differ 
markedly  from  most  of  the  products  previously  discussed  with 
respect  to  the  large  labor  cost  involved  in  their  manufacture.  The 
modem  rolling  mills  for  most  of  the  products  heretofore  con- 
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ddered  are  generally  so  constructed  that  the  material  is  lifted  and 
placed  between  the  rolls,  and  moved  either  continuously  forward  or 
back  and  forth  with  the  intervention  of  a  comparatively  small  amount 
of  manual  labor.  For  sheets  and  allied  products,  however,  invention 
has  not  succeeded  to  the  same  degree  in  substituting .  automatic  de- 
vices. In  making  sheets,  as  elsewhere  stated,  the  material  is  passed 
through  the  rolls  and  worked  back  and  forth  by  operatives,  who  stand 
on  either  side,  and  who  also  double  the  material  several  times  as  it  is 
reduced  in  thickness  and  expands  in  area.  The  cost  of  labor  in  the 
manufacture  of  black  sheets  constitutes,  therefore,  a  considerable 
element  of  the  mill  cost. 

The  average  cost  of  fuel  was  $0.56  per  net  t(Hi,  and  ranged  from 
$0.61  per  net  ton  in  1903  to  $0.51  in  1905. 

The  cost  of  steam  in  the  production  of  black  sheets  was  very  high, 
as  a  large  amount  of  power  was  required  to  reduce  the  sheet  bars  to 
the  thin  gauges  necessary  for  sheets.  The  average  cost  of  this  item 
was  $1.08  per  net  ton,  and  ranged  from  $0.96  per  net  ton  in  1905  to 
$1.30  in  1903. 

The  average  cost  of  rolls  was  $0.44  per  net  tcai,  and  was  quite  uni- 
form from  year  to  year.  The  rolls  in  sheet  mills,  especially  the  fin- 
ishing rolls,  are  expensive,  as  they  are  made  of  chilled  steel  and  care- 
fully turned  so  that  they  have  a  perfect  surface,  and  must  be  kept 
properly  adjusted. 

The  average  cost  of  materials  in  repairs  and  maintenance  was  $0.40 
per  net  ton ;  of  supplies  and  tools,  $0.34  per  net  ton ;  and  of  miscel- 
laneous and  general  works  expense,  $1,31  per  net  ton. 

AnniTiONAL  COST. — This  cost  was  derived  from  the  pri^t  and  loss 
accounts  of  the  companies  and  apportioned  by  the  Bureau,  as  else- 
where described.  (See  p.  20.)  The  items  have  been  grouped  under 
(1)  general  and  miscellaneous  expense,  and  (2)  depreciation.  The 
average  cost  of  general  and  miscellaneous  expense  for  the  five-year 
period  1902  to  1906  was  $1.17  per  net  ton,  and  the  average  cost  of 
depreciation  for  the  same  period  was  $0.70  per  net  ton.  As  the  raw 
materials  for  this  and  earlier  stages  of  manufacture  were  used  at 
furnace,  works,  or  mill  cost  instead  of  total  book  cost,  these  expenses 
increase  in  a  cumulative  manner. 

Total  book  cost. — The  mill  cost  of  black  sheets  for  the  five-year 
period  1902  to  1906  was  $37.50  per  net  ton,  and  the  total  book  cost, 
including  the  additional  costs  of  general  expense  and  depreciation, 
Was  $39.37  per  net  ton,  and  ranged  from  $35,65  per  net  ton  in  1905  to 
$45.79  in  1903.  The  total  book  cost  in  1904,  namely,  $35.79  per  net 
ton,  was  only  $0.14  higher  than  in  1906. 

The  total  book  costs,  as  shown  by  the  cost  statement,  are  not  net 
costs  of  production,  as  the  raw  materials  were  used  at  a  profit  over 
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and  above  the  actual  costs  of  production,  which  accrued  to  the  same 
companies  or  interests  as  produced  these  black  sheets. 

Pbofits  on  sales  and  transfers  of  BtACK  SHEETS.— The  total  pro- 
duction of  black  sheets  for  the  five-year  period  1902  to  1906,  as  shown 
by  the  foregoing  cost  statement,  was  2,418,214  net  tons.  Of  this  total 
quantity,  1,906,536  net  tons  were  sold;  62,498  net  tons  were  used, 
either  at  a  profit  or  at  less  than  cost;  and  the  remainder  was  used  at 
cost  in  further  elaboration  into  galvanized  sheets,  corrugated  roof- 
ing, etc. 

In  the  following  table  are  ^ven  the  book  costs,  prices,  and  profits 
for  black  sheets  sold  or  transferred  at  a  profit  or  at  a  loss,  by  years, 
1902  to  1906: 

TiELB  80.— BOOK  COSTS.  PRICES,  AND  PROFITS  FOB  BLACK  SHEETS  SOLD  OR  TRANS. 
FERBED  AT  A  PROFIT,  BY  YEARS,  1902-1906. 
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There  is  a  marked-  difference  between  the  average  total  book  cost  of 
black  sheets,  as  shown  by  the  cost  statement,  and  the  cost  of  the  sales 
and  transfers,  as  shown  by  the  preceding  profit  and  loss  statenaent, 
namely,  $39,37  and  $40.96,  per  net  ton,  respectively,  a  difference  of 
$1.59  per  net  ton.  This  was  due  largely  to  the  extra  cost  of  pick- 
ling, annealing,  and  cold  rolling  a  part  of  the  product,  the  extra 
cost  of  which  could  be  and  was  excluded  from  the  cost  sheets,  but 
could  not  be  excluded  from  costs  as  shown  by  the  profit  and  loss 
statements.  For  this  reason  the  two  statements  are  not  closely 
comparable. 

The  total  quantity  sold  for  the  five-year  period  1902  to  1906,  as 
noted  above,  was  1,906,536  net  tons.  The  average  cost  of  this  quan- 
tity was  $40,93  per  net  ton,  and  the  average  price  received  was  $46.0-^ 
per  net  ton,  affording  an  average  profit  of  $5.10  per  net  ton. 

The  quantity  transferred  either  at  a  profit  or  at  a  loss  for  the  five- 
year  period  amounted  to  only  62,498  net  tons.  The  cost  of  this  quan- 
tity was  $41.87  per  net  ton,  and  the  average  price  at  which  it  was 
transferred  was  $41.69  per  net  ton,  resulting  in  the  use  of  the  black 
sheets  at  an  average  loss  of  $0.18  per  net  ton.     Black  sheets  were 
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transferred  at  an  average  loss  in  four  out  of  the  five  years,  ranging 
from  $3.44  per  net  ton  in  1903  to  $0.26  in  1904.  The  losses  shown 
are  based  on  a  comparison  vith  book  costs. 

Section  13.  Book  cost  of  lilaok  plate  ued  for  tinning,  190S-1906. 

Black  plate  used  for  tinning  differs  from  black  sheeta  chiefly  in 
finish.  (See  p.  251.)  A  better  finish  and  a  smoother  surface  are 
necessary  to  make  the  product  suitable  for  tinning.  The  additional 
processes  are  pickling,  annealing,  and  cold  rolling.  Pickling  con- 
sists in  putting  the  black  sheets  through  an  acid  bath  to  remove  im- 
purities from  the  surface;  annealing,  in  heating  and  cooling  the 
metal  slowly  to  make  it  pliable ;  and  cold  rolling,  in  giving  it  a  final 
rolling  to  insure  perfect  smoothness  and  correctness  in  gauge. 

The  total  production  of  finished  or  cold-rolled  black  plate  in  the 
United  States  for  the  five-year  period  1902  to  1906,  as  reported  by 
the  American  Iron  anjl  Steel  Association,  was  2,412,630  tons,  and  the 
production  covered  by  the  following  cost  statement  for  the  same 
period  was  2,091,615  tons,  or  86.7  per  cent. 

In  the  following  table  the  book  cost  of  producing  black  plate  used 
for  tinping  is  given  by  years,  1902  to  1906 ; 
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The  tonnage  of  black  plate  varies  at  different  stages  of  the  process. 
The  weight  of  any  given  quantity  of  hot-rolled  sheets  is  less  when 
pickled  and  annealed,  on  account  of  the  loss  of  scale.  There  is  some 
further  loss  in  cold  rolling  on  accoiuit  of  defective  sheets.  While 
the  tonnages  of  hot-rolled,  pickled,  annealed,  and  cold-rolled  or 
finished  black  plate  have  a  general  relation  to  each  other,  the  indi- 
vidual cost  sheets  showed  considerable  variations  in  this  relation, 
which  were  due  to  the  fact  that  there  is  always  some  stock  on  hand 
at  the  different  stages  of  the  process.  The  tonnage  of  hot-rolled 
sheets  reported  in  a  given  year  may  not  have  been  all  converted  into 
finished  black  plate  in  that  year,  and  some  of  the  finished  black 
plate  may  have  come  from  hot-rolled  sheets  carried  over  from  the 
previous  year.  The  total  production  of  cold-rolled  or  finished  black 
plate  for  the  five-year  period  1902  to  1906  was  2,091,615  tons,  and 
ranged  from  306,244  tons  in  1902  to  525,067  tons  in  1906. 

Raw  MATERIAL. — The  raw  material  for  the  production  of  black 
plate  used  for  tinning  was  sheet  bars.  It  was  impracticable  to 
determine  whether  these  bars  were  Bessemer  or  open-hearth  steel, 
or,  if  mixed,  what  the  proportion  of  each  was,  as  the  records  did  not 
distinguish  between  the  two  kinds  of  steel-  The  average  cost  of  the 
sheet  bars  per  gross  ton  of  cold-rolled  black  plate  for  the  five-year 
period  1902  to  1906  was  $25.25,  and  ranged  from  $23.64  in  1904  to 
$26.82  in  1903.  The  average  cost  in  1905,  namely,  $23.68  per  ton, 
was  only  $0.04  higher  than  the  average  cost  in  1904.  As  in  the  case 
of  other  products,  the  cost  of  sheet  bars  per  ton  of  cold  rolled  black 
plate  was  determined  by  the  price  of  the  bars  used  and  the  net  cost 
of  waste  in  rolling. 

The  average  price  of  the  bare  used  for  the  five-year  period  1902 
to  1906  was  $23.36  per  ton,  and  ranged  from  $21.72  per  ton  in  1904 
to  $24.89  per  ton  in  1903.    It  was  impossible  to  arrive  at  the  transfer 
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profit  included  in  the  price  of  the  sheet  bars  used,  for  the  reasons 
already  noted.  (See  p.  252.)  However,  the  prices  included  substan- 
tial transfer  profits.  Assuming  the  same  rate  of  transfer  profit  on 
the  sheet  bais  used  for  black  plate  as  that  assumed  for  black  sheets 
(see  p.  252)  would  indicate  that  the  sheet  bars  used  for  black  plate 
were  used  at  an  average  transfer  profit  of  $1.82  p»  net  ton,  which  is 
equivalent  to  $2.58  per  ton  of  finished  or  cold  rolled  black  plate. 

The  average  net  cost  of  waste  for  the  five-year  period  1902  to 
1906  was  $1.89  per  ton,  and  ranged  from  $1.81  per  ton  in  1905  to 
$1.93  per  ton  in  190S.  The  variations  in  the  average  net  ooat  of 
waste  by  years  were  not  large. 

Cost  above  hatebui. — The  total  cost  above  material  for  the  five- 
year  period  1902  to  1906  was  $21.60  per  ton,  or  46.1  per  cent  of  the 
miU  cost. 

The  item  of  labor  was  by  far  the  largest  item  of  cost  above  ma- 
terial, and  the  remarks  relative  to  the  large  labor  costs  in  the  manu- 
tacture  of  black  sheets  apply  also  to  the  labor  costs  of  producing 
black  plate.  (See  p.  252.)  The  average  labor  cost  of  hot  rolling  was 
$12.73  per  ton,  and  ranged  from  $11.35  per  ton  in  1906  to  $14.87  per 
ton  in  1902.  The  high  average  costs  in  1902  and  1903,  as  ccnnpared 
with  1904, 1905,  and  1906,  were  due  to  a  reduction  in  the  rate  of  wages 
of  18  per  cent  in  April,  190i,  the  same  as  that  made  in  the  rate  of 
wages  for  the  production  of  black  sheets.  In  addition  to  the  labor 
cost  of  hot  rolling,  the  processes  of  pickling,  annealing,  and  cold 
rolling  involved  considerable  labor  in  handling  the  material.  The 
average  labor  cost  of  pickling  was  $0.40  per  ton,  of  annealing  $0.57 
per  ton,  and  of  cold  rolling  $0.49  per  ton,  making  a  total  labor  cost 
of  $14.19  per  ton  of  finished  black  plate. 

The  average  cost  of  fuel  for  hot  rolling  for  the  five-year  period 
was  $0.47  per  ton,  and  was  quite  uniform  from  year  to  year. 

The  cost  of  steam  was  high  because  of  the  power  required  to  roll 
the  sheet  bars  into  thin  plates.  The  average  cost  of  steam  for  hot 
rolling  was  $1.45  per  ton,  and  ranged  from  $1,33  per  ton  in  1906  to 
$1.65  per  ton  in  1903. 

For  hot  rolling  only,  the  average  cost  of  rolls  was  $0.60  per  ton ; 
of  supplies  and  tools,  $0,74  per  ton ;  and  of  miscellaneous  and  general 
works  expense,  $1.08  per  ton. 

The  average  cost  of  pickling  for  the  five-year  period  was  $2.44  per 
ton.  This  included  principally  labor  in  pickling  and  sulphuric  acid 
used  for  taking  off  the  scale.  The  average  quantity  of  sulphuric 
acid  used  was  146  pounds  per  ton  of  pickled  plates. 

The  average  cost  of  annealing  for  the  five-year  period  was  $1.36 
per  ton.  This  included  labor,  fuel  used  in  the  annealing  furnaces 
tov  reheating  the  sheel^,  and  the  coet  of  iron  boxes  in  which  the 
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plates  vere  placed  while  being  heated  in  order  that  they  might  be 
protected  as  far  as  possible  from  the  air. 

The  average  cost  of  cold  rolling  for  the  five-year  period  was  $0.73 
per  ton.     This  included  principally  labor,  steam,  rolls,  and  supplies. 

Am>it[oi«al  CX18T. — The  items  under  this  head,  as  for  other  prod- 
ucts, were  derived  from  the  profit  and  loss  accounts,  and  apportioned 
by  the  Bureau  to  the  several  products.  (See  p.  20.)  They  consisted  ! 
of  (1)  general  and  miscellaneous  expense,  and  (2)  depreciatitxi. 
The  average  cost  of  general  and  miscellaneous  expense  for  the  five- 
year  period  1902  to  1906  was  $1.53  per  ton,  and  the  average  aot  of 
depreciation  for  the  same  period  was  $0.61  per  ton.  As  the  mate- 
rials for  this  and  earlier  stages  of  production  were  used  at  furnace, 
works,  or  mill  cost  instead  of  total  book  cost,  these  additional  costs 
increase  in  a  cumulative  manner. 

Total  book  cost. — The  mill  cost  of  finished  or  cold-rolled  black 
plate  used  for  tinning  for  the  five-year  period  1902  to  1906  was 
$46.85,  and  adding  thereto  the  additional  costs  from  the  profit  and 
loss  accounts,  gave  a  total  book  cost  of  $48.99  per  ton.  The  total 
book  cost  ranged  from  $45,79  per  ton  in  1905  to  $54.03  per  ton  in 
1902. 

These  total  book  costs  are  not  net  costs,  as  they  include  profits 
arising  from  the  transfer  of  materials  at  prices  above  the  actual  costs 
of  production  which  accrued  to  the  same  companies  or  interests. 

pRorrrs  on  sales  of  black  plate.— The  total  production  of  cold- 
rolled  black  plate  used  for  tinning,  as  shown  by  the  foregoing  cost 
statement  for  the  period  1902  to  1906,  was  2,091,615  tons.  Of  this 
quantity,  1,678,666  tons,  or  80  per  cent,  were  used  at  mill  cost  in  the 
manufacture  of  tin  plate ;  287,785  tons,  or  14  per  cent,  were  sold ;  and 
the  balance,  about  125,164  tons,  were  used  for  grades  not  included  in 
the  cost  sheet  averages. 

The  book  costs,  prices,  and  profits  for  black  plates  sold,  by  years, 
1902  to  1906,  are  given  in  the  following  table: 
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The  quantity  sold  for  the  five-year  period  1902  to  1906,  as  already 
noted,  was  287,786  tons,  the  average  cost  of  which  was  $49.34  per 
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t(Hi,  and  the  average  price  received  was  $57.36  per  tcm,  affording  an 

average  profit  of  $8.02  per  ton. 

Section  14.  Book  tost  of  tin  plate,  lM)Jt-1906. 

lln  plate  ctoisists  of  black  plate  coated  on  both  ^des  with  tin  to 
prevent  mating.  The  tin  is  applied  by  drawing  the  plates  between 
rolls  immersed  in  a  bath  of  molten  tin,  the  rolls  pressing  the  tin  into 
the  surface  of  the  plate,  which  gives  a  smooth,  bright  coating  to  the 
black  plates.  The  ordinary  commercial  uses  of  tin  plate  are  for 
making  cans  and  household  utensils.  Roofing  plates  are  generally 
coated  with  a  mixture  of  lead  and  tin  and  are  called  teme  plates. 

The  unit  of  production  of  tin  plate  is  a  base  box  of  100  pounds 
containing  112  sheets,  each  14  inches  wide  and  20  inches  long. 
However,  there  is  a  great  variation  in  size  and  weight  of  the  tin 
plates  and  in  the  total  wei^t  of  the  box. 

The  total  production  of  tin  and  teme  plate  in  the  United  States 
for  the  period  1902  to  1906,  as  reported  by  the  American  Iron  and 
Steel  Association,  was  2,369,270  gross  tons,  and  the  total  production 
of  tin  plate  alone,  covered  by  the  following  cost  statement,  was 
3S,4O4,O02  base  boxes,  equivalent  to  1,714,464  gross  tons,  or  72.4  per 
cent  of  the  total  production  of  both  tin  and  teme  plate. 

In  the  following  table  is  given  the  hook  cost  of  producing  tin  plate 
by  years,  1902  to  1906 : 
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The  reported  production  of  tin  plate  ranged  from  6,126,792  boxes 
in  1903  to  9,660,004  boxes  in  1906. 

Kaw  matebial. — The  raw  materials  for  producinfj^  tin  plate  were 
black  plate  and  pig  tin.  The  average  cost  of  black  plate  per  box  of 
tin  plate  for  the  five-year  period  1902  to  1906  was  $2.04,  and  ranged 
from  $1.90  in  1905  to  $2.22  in  1902.  The  average  cost  of  pig  tin  per 
box  of  tin  plate  was  $0.63,  and  ranged  from  $0.56  in  1902  to  $0.73 
in  1906.  The  total  cost  of  raw  material — black  plate  and  pig  tin — 
was  $2.67,  and  constituted  87.8  per  cent  of  the  mill  cost.  The  black 
plate  used  in  the  production  of  tin  plate  was  charged  at  mill  cost. 
(See  p.  258.) 

The  pig  tin  used  in  the  manufacture  of  tin  plate  was  practically  all 
imported,  and  the  price  was  subject  to  large  fluctuations.  The  aver- 
age price  of  pig  tin  per  pound  for  the  five-year  period  1902  to  1906 
was  $0.30,  and  ranged  from  $0.25  per  pound  in  1902  to  $0.37  per 
]}oimd  in  1906.  It  required,  for  the  five-year  period,  an  average  of 
2.09  pounds  of  pig  tin  per  box  of  tin  plate. 

Cost  above  hatebial. — The  average  cost  above  material  for  the 
five-year  period  1902  to  1906  was  $0.87  per  box,  or  12.2  per  cent  of 
the  mill  cost 

The  average  cost  of  labor  in  tinning  was  $0.19  a  box,  the  average 
annual  cost  not  varying  more  than  $0,02  from  this  amount.  The 
decline  in  labor  cost  in  1904  was  due  to  a  reduction  in  the  rate  of  , 
wages  corresponding  to  the  reduction  noted  under  black  sheets  and  ! 
black  plate. 

In  the  manufacture  of  tin  plate  there  is  a  varying  percentage  of 
defective  plates  which  are  known  as  wasters.  These  are  sometimes 
sold  at  a  reduced  price,  and  sometimes  sold  with  the  standard  grade 
in  a  certain  proportion  to  the  total  quantity  ordered. 

The  average  cost  of  fiux,  fuel,  and  supplies  was  $0.11  per  box  and 
by  years  showed  a  variation  of  only  $0.01  per  box.  The  flux  consists 
of  palm  oil,  through  which  the  plates  are  passed  before  applying  the 
molten  tan,  as  the  tin  then  adheres  more  readily  to  the  surface  of  the 
steel.  Some  fuel  is  necessary  for  heating  the  melting  pots.  Another 
important  item  of  cost  under  this  caption  is  the  cost  of  boxes  used  for  . 
packing  the  tin  plate  for  ^ipment. 

Th0  average  cost  of  materials  in  repairs  and  maintenance  was  $0.01 
per  box,  and  of  miscellaneous  and  general  works  expense,  $0.02  per 
box, 

AsDrnoNAi.  cost. — The  items  under  this  head,  as  for  the  preceding  i 
products,  were  derived  from  the  profit  and  loss  accounts  of  the  com-  \ 
panies  and  apportioned  by  the  Bureau  in  the  manner  elsewhere  de- 
scribed.    (See  p.  20.)     They  include  principally  (1)  gen^^  and 
miscellaneous  expense,  and  (2)  depreciation.    The  average  cost  of  I 
general  and  nuscellaneous  expense  for  the  five-year  period  1902.  to 
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1906  w&s  $0.10  per  box,  and  the  average  cost  of  depreciation  for  the 
same  period  was  $0.04  per  box.  It  should  be  remembered  that  theee 
additional  costs  are  cumuIatiTe,  as  the  materials  for  this  and  eariier 
stages  of  manufacture  were  used  at  furnace,  works,  or  mill  cost  in- 
stead of  total  book  cost. 

ToTAi.  BOOK  coBt. — ^The  average  mill  cost  of  tin  plate  for  the  five- 
year  period  1902  to  1906  was  $3.04  per  box,  and  the  total  book  cost, 
including  the  additional  costs  of  general  and  miscellaneous  expense 
&nd  depreciation,  was  $3.18  per  box,  and  ranged  from  $3.02  per  box  in 
1905  to  $3.34  per  box  in  1903. 

As  in  the  case  of  the  preceding  products,  these  total  book  costs  are 
not  net  costs,  as  a  part  of  the  raw  materials  for  the  preceding  opera- 
tions ^ere  transferred  at  a  profit  over  and  above  the  actual  coat  of 
production,  which  profit  accrued  to  the  same  companies  or  interests, 

Phofits  on  sales  of  tin  plate. — The  total  production  of  tin  plate 
for  the  five-year  period  1902  to  1906,  as  shown  by  the  foregoing 
statement,  was  38,404,002  base  boxes.  As  tin  plate  is  a  finished 
product,  the  total  quantity  was  sold. 

The  book  costs,  prices,  and  profits  for  the  tin  plate  sold  are  given  in 
the  following  table,  by  years,  1902  to  1906. 

TlBLB  U.— BOOK  COSTS,  FBICES,  AND  PROFITS  70K  TIN  FLATS  SOLD,  BY  YBARS. 
[In  doUnn  pa  bar  of  loo  poands.) 
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The  total  production  of  tin  plate  for  the  five-year  period  1902  to 
1906,  as  shown  by  the  cost  statement,  was  38,404,002  boxes,  with 
an  average  cost  o^  $3.18  per  box,  and  the  total  quantity  sold  for  t^e 
same  period  was  42,772,407  boxes,  with  an  average  cost  of  $3.21 
per  box. 

The  differences  in  quantity  of  4,368,405  boxes  and  in  cost  of  $0.03 
per  box  were  due  to  the  fact  that  the  sales  statement  included  charcoal 
plates  and  other  special  qualities  which  the  cost  statement  does  not 
include. 

The  average  cost  of  the  total  quantity  sold  for  the  five-year  period 
1902  to  1906,  as  noted  above,  was  $3.21  per  box,  and  the  average  price 
received  was  $3.51  per  box,  affording  an  average  profit  of  $0.30  per 
not.  The  average  profit  ranged  from  $0.18  per  box  in  1906  to  $0.62 
per  box  in  1902. 
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Section  IS.  Siunmury  of  lUtementa  of  book  coiti  of  rolled  prodnots. 

The  following  table  summarizes  the  cost  statemeiits  already  dis- 
cussed in  this  chapter,  with  respect  to  cost  of  raw  material,  eoet  above 
material  (divided  into  labor  and  other  operating),  mill  cost,  addi- 
tional cost,  and  total  book  cost: 

TlRLI  U.— AVSRAOB  BOOK  COSTS  PER  OROSS  TON  ■  OF  SPECIFIED  PRODUCTB,  SBOW- 

ma  ULL  COSTS  as  qivek  m  cost  shsbts  (without  deduction  or  intekme- 

DIATB  PROFITS),   TOGETHER    WITH   ADDITIONAL  COSTS  (DEBIVSD    FBOlf  TIB 
PKOFIT  AND  LOSS  ACCOUNTS).  FIVE  YEARS,  1MO-Ifl06. 
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Section  16.  Character  and  ugniflcance  of  ttatementa  of  book  ooits. 

The  foregoing  cost  statements  give  the  mill  costs,  as  shown  by  the 
books  of  the  companies,  and  also  show  the  total  book  costs  by  adding 
to  the  former  the  "  additi<Hial  costs "   (general  and  miscellaneous 
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expense  and  depreciation)  shown  by  the  profit  and  loss  accounts. 
These  total  book  costs,  however,  if  taken  by  themselves,  form  an 
imperfect  basis  for  judginfr  the  costs  of  production.  This  is  because, 
8S  repeatedly  explained,  there  were  large  but  varying  items  of  inter- 
mediate profit  included  in  the  price  at  which  the  materials  were 
transferred  from  one  stage  of  production  to  a  succeeding  stage. 

The  next  and  more  important  step  will  be  to  show  what  these  total 
book  costs  become  when  intermediate  transfer  profits  are  eliminated. 
This  further  process  could  be  carried  out  by  the  Bureau  with  respect 
to  these  average  costs  for  the  five-year  period  1902  to  1906,  however, 
only  for  ore,  pig  iron,  ingots,  and  a  very  limited  number  of  rolled 
products.  For  the  other  products  shown,  therefore,  the  total  book 
cost  is  a  figure  of  distincUy  limited  value.  The  principal  interest, 
indeed,  of  the  foregoing  cost  statements  for  most  of  the  finished  prod- 
ucts is  found  not  in  the  total  book  cost,  or  even  in  the  mill  cost,  but 
in  the  cost  above  material;  or,  in  other  words,  all  items  of  mill 
cost  except  the  material  used.  This  is  a  better  standard  of  com- 
p&risou  than  the  conversion  cost,  which  includes  the  net  cost  of 
waste,  because  the  cost  of  waste  must  be  figured  on  the  prices  of 
the  materials  used — itself  a  fluctuating  and,  as  has  been  shown,  unre- 
liable figure,  from  the  standpoint  of  cost,  as  it  often  Includes  con- 
siderable transfer  profit. 
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AVERAGE  COSTS  EXCLUDING 

TRANSFER  PROFITS,  1902-1908,  AND  TYPICAL 

NET  COSTS,  1901-1910. 
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CHAPTER  Vm. 

ISTBODITCTIOS  TO  KEVISED  COSTS,  190S-190fl. 

Section  1,  Importance  of  eliminating  intermediate  transfer  profits  from 
beok  eosti. 

Two  KINDS  OF  PROFiTB  INCLUDED  IN  BOOK  COSTS. — ^The  importance 
of  eliminating  intermediate  profits  included  in  the  foregoing  book 
costs  has  been  repeatedly  referred  to.  These  intermediate  profits 
were  of  two  kinds,  (1)  transfer  profits  and  (2)  transportation  profits. 

Transfer  profits,  us  already  made  clear,  are  profits  added  by  an  inte- 
grated concern  to  the  cost  of  an  antecedent  raw  material— such  as 
ore  or  coke,  or  a  relatively  crude  material,  as,  for  instance,  pig  iron 
or  billets — in  transferring  these  materials  from  one  subcompany  to 
another  or  from  one  department  to  another. 

These  transfer  profits  were  arbitrary,  for  it  was  customary  in  most 
cases  for  the  different  companies  to  charge  ot«  and  coke  used  in  the 
blast  furnace,  even  when  mined  or  produced  by  the  interests  operating 
such  furnaces,  at  arbitrary  prices  considerably  above  the  costs  of 
producing  and  transporting  them  to  the  furnaces.  The  same  method 
was  often  employed  for  pig  iron  used  in  making  steel,  and  for  other 
materials  in  subsequent  stages  of  production.  These  costs,  therefore, 
were  necessarily  arbitrary  also,  and  not  comparable  as  there  was  no 
uniformity  of  practice  in  the  charging  of  such  profit.  It  is,  there- 
fore, necessary  to  eliminate  these  transfer  profits,  not  only  to  get 
a  better  basis  of  comparison  of  cost  but  also  to  get  a  more  accurate 
statement  of  cost. 

Transportation  profits  are  the  profits  derived  from  the  transporta- 
tion of  ore  used  in  making  pig  iron  and  steel-  These  were  the  only 
profits  of  this  kind  directly  connected  with  the  cost  of  production  of 
iron  and  steel  which  could  be  determined  with  any  degree  of  accu-  * 
racy,  although  transportation  profits  on  coal,  coke,  and  some  other 
materials  were  to  some  extent  included  in  book  costs. 

The  elimination  of  these  transportation  profits  presents  a  problem 
somewhat  different  from  that  in  the  case  of  transfer  profits.  Integra- 
tion of  the  production  of  raw  materials  may  be  regarded  as  a  normal 
condition  in  the  steel  industry  at  the  present  time.  On  the  other 
hand,  the  integration  of  such  production  with  the  transportation 
tgeocies  which  serve  them  is  exceptional  so  far  as  transportation  by 
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railroad  is  ctmcemed.  A  considerable  number  of  steel  concerns,  how*  | 
ever,  operate  their  own  Lake  fleets.  Kailroads,  apart  from  industrial 
switching  facilities,  could  not,  under  most  conditions  of  the  industry, 
be  provided  for  each  iotegrated  concern,  no  matter  how  large,  with- 
out involving  great  waste  of  capital  in  investment  and  excessive  costs 
of  production.  Hence,  while  the  costs  arrived  at  by  eliminating  . 
branafer  profits  may  be  regarded  as  normal  for  successful  modem 
companies,  the  elimination  of  railroad  transportation  profits  would 
tend  rather  to  show  the  influence  of  an  exceptional  factor  in  tiie 
industry. 

For  these  reasons  the  Bureau  revised  the  book  costs  at  this  point 
in  one  way  only,  namely,  by  eliminating  merely  the  intermediate 
transfer  profits  on  materials  passing  from  one  stage  of  production  i 
to  another.  In  Chapters  XIV  to  XVIII  of  this  report  the  costs  are 
shown  for  the  Steel  Corporation  alone  for  the  year  1910,  eliminating 
both  transfer  and  transportation  profits,  as  it  is  for  this  concern  only 
that  the  transportation  profits  are  of  great  significance  in  the  cost  of 
production. 

It  is  desirable  first  to  point  out  the  scope  of  the  cost  data  from 
which  such  profits  are  eliminated  and  then  certain  general  rules  fol- 
lowed in  eliminating  transfer  profits. 

Section  8.  limitation  of  disoonios  to  Lake  ore-uRuiff  districts. 

In  making  its  revision  of  book-cost  data  the  Bureau  has  confined 
itself  to  concerns  using  almost  exclusively  Lake  ores.  At  the  present 
time  the  steel  industry  is  largely  based  on  Lake  ores,  hence  the  Lake 
ore-using  districts,  namely,  Chicago,  Lake  Erie,  Valley,  Pittsburgh, 
and  Wheeling,  cover  the  greater  part  of  the  iron  and  steel  production 
of  the  conntry. 

While  tiie  limitation  of  the  discussion  of  the  revised  costs  to  these 
particular  districts  necessitates  the  exclusion  of  considerable  data 
presented  in  preceding  book-cost  statements,  nevertheless  the  cost 
data  comprised  in  this  study  of  revised  costs  embrace  not  only  the  bulk 
of  that  obtained  by  the  Bureau  but  also  include  a  very  substantial 
proportion  of  the  total  business  of  the  United  States  for  the  period 
in  question.    This  is  clearly  shown  by  the  table  following. 
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TiiLE  S8.-PBODOCriOH  Of  BPSCI7IKD  PB0DOCT8  COKPRI8ED  Df  BUSKAO'B  OOM- 
PDTATIONB  OF  REVISED  COSTS  AND  PKK  CENT  OT  SAUB  TO  TOTAL  PRODUCTION 
IN  THE  UNITED  BTATEB,  190S-l«O6. 
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It  is  apparent,  therefore,  that  these  revised-cost  figures  in  most 
cases  cover  a  very  large  proportion  of  the  total  production  of  the 
products  specified.  They  indude  the  total  production  of  the  Steel 
Corporation  for  these  products.  Moreover,  they  include  all  the  Lake 
ore  for  which  the  Bureau  received  returns  and  practically  all  the  Ckai- 
nellsville  beehive  coke  included  in  the  cost  statements  furnished  for 
this  period.  It  is  evident,  therefore,  that  these  revised  costs  are 
typical  of  the  main  part  of  the  iron  and  steel  business  of  the  Unit«d 
States,  although  certain  other  districts  would  show  substantial  dif- 
ferences. The  costs  in  the  Eastern  district,  for  instance,  would  gen- 
erally be  higher,  while  those  for  pig  iron  in  the  Southern  district 
would  be  lower. 

During  the  period  1902  to  1906  the  only  important  companies  fur- 
nishing cost  statements  which  were  outside  of  the  districts  above 
named,  and  which  manufactured  steel  in  important  quantities,  com- 
pnsed  two  in  the  East  and  one  in  the  Far  West.  One  of  the  eastern 
companies  used  foreign  ores  largely,  and,  both  on  this  account  as  well 
as  on  account  of  the  difficulty  of  revising  its  costs  on  the  basis  planned, 
it  was  naturally  excluded  from  the  computation.  The  other  large  east- 
ern company,  although  it  used  Lake  ores  almost  exclusively,  was  also 
excluded  with  respect  to  most  products  as  being  outside  the  region 
regarded  as  typical,  although  included  for  two  important  products. 

The  production  of  the  Southern  companies  which  furnished  cost 
data  was  important  only  for  ore,  coke,  and  foundry  pig  iron.  The 
costs  of  these  products,  as  already  shown  above  (see  p.  115),  were 
very  nearly  on  a  net  basis,  as  shown  by  the  books  of  account,  and  no 
important  change  would  have  resulted  from  revising  them  in  the 
manner  described  above.  Furthermore,  it  would  have  been  quite 
improper  to  have  combined  tiiem  with  the  costa  for  the  districts  using 
li^e  ore. 
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Owing  to  this  difference  in  the  extent  of  the  industry  between  the 
costs  covered  by  the  cost  statements  hereafter  to  be  given  and  the 
book  costs  for  the  country  as  a  whole  presented  above  (Chs.  II- VII), 
it  was  necessary,  of  course,  to  compute  the  book  costs  also  for  these 
Lake  ore-using  districts  alone,  in  order  that  comparisons  could  be 
made  between  the  revised  costs  and  the  corresponding  book  costs. 
For  this  reason  the  book  costs  for  these  districts,  as  shown  in  sub- 
sequent sections,  differ  slightly  from  those  shown  in  Chapters  II  to 
VII.  The  differences,  however,  are  small  and  tend  to  show,  as  stated, 
that  the  costs  for  this  particular  region  (Lake  ore-using  districts)  are 
a  fair  basis  for  judging  the  position  of  the  iron  and  steel  industry  in 
the  United  States. 

Section  3.  Separation  of  lar^  and  amall  oonpanies. 

A  very  significant  feature  of  the  comparison  of  revised  costs  with 
book  costs  to  be  presented  later  is  the  distinction  made  between  the 
average  costs  of  large  and  small  companies.  There  were,  of  course, 
great  differences  between  the  various  reporting  companies  in  the  de- 
gree of  integration,  and  hence  in  the  extent  to  which  intermediate 
profits  from  transfers  figured  in  their  cost  statements.  It  was  ob- 
viously desirable,  therefore,  to  group  such  companies  in  order  to  show 
these  differences  clearly.  Generally  speaking,  the  large  companies 
were  more  completely  integrated,  the  exceptions  being  comparatively 
unimportant  when  the  number  was  taken  into  consideration.  For  the 
large  companies,  furthermore,  the  production  processes  were  more 
comprehensive,  and  the  tonnages  so  much  larger  that  they  enjoyed, 
on  the  whole,  considerable  technical  advantages  with  respect  to 
economy  of  operation.  Other  things  being  equal,  there  are  apt  to  be 
considerable  differences  in  the  costs  of  production  between  concerns 
having  large  and  small  production,  on  the  one  hand,  and  between 
highly  integrated  and  nonintegrafed  concerns,  on  the  other  hand.  The 
concern  producing  large  quantities  of  any  important  commodity  in 
the  iron  and  steel  business  is  usually  able  to  show  lower  costs  of  pro- 
duction than  a  concern  producing  small  quantities,  because  (1)  its 
overhead  charges  (general  expenses)  are  lower  per  unit  of  product, 
and  (2)  because  large-scale  production  justifies  the  use  of  labor- 
saving  devices  to  a  much  greater  extent.  The  highly  integrated 
concern  likewise  is  usually  able  to  show  lower  costs  than  the  non- 
integrated  concern,  because  (1)  it  produces  in  one  stage  of  produc- 
tion the  raw  material  for  the  next  stage  and  is  not  obliged  to  pay 
more  than  its  actual  cost  of  production,  and  (2)  there  are  technical 
economies  in  passing  material  directly  from  one  stage  of  production 
to  another  within  the  same  works,  as  in  taking  the  molten  pig  iron 
directly  to  the  steel  works,  or  in  using  the  surplus  blast-furnace  gas 
in  other  parts  of  the  works.    For  the  reasons  above  stated,  it  seemed 
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that  the  large  cdmpanies  might  fairly  be  regarded  as  the  representa- 
tive units  of  the  industry  for  the  purposes  of  this  cost  discussion. 

The  companies  whose  costs  of  production  were  uniformly  combined 
in  the  cost  averages  for  large  companies,  so  far  as  they  produced  the 
several  products,  were  (1)  the  United  States  Steel  Corporation, 
(2)  the  Lackawanna  Steel  Co.  (Buffalo  plant),  (S)  the  Jones  & 
Laughlin  Steel  Co.,  and  (4)  the  Republic  Iron  &  Steel  Co.  (Northern 
plants).  The  costs  of  production  of  the  Hepublic  Iron  A  Steel  Co. 
for  its  Southern  plants  were  not  included  in  this  computation,  nor  cer- 
tain minor  plants  of  the  Lackawanna  Steel  Co.,  situated  east  of  the 
Allegheny  Mountains.  For  two  products  the  average  for  the  large 
companies  includes  also  the  costs  of  the  Cambria  Steel  Co.,  which  is 
located  at  Jdinstown,  about  80  miles  east  of  Pittsburgh,  but  is 
generally  grouped  with  the  eastern  companies. 

The  smaller  companies  whose  costs  of  production  are  comprised  in 
the  averages  need  not  be  specified  in  detail.  They  include  a  few 
companies  of  intermediate  size,  as  well  as  numerous  companies  which 
are  more  accurately  described  as  small.  It  should  be  noted  that  some 
of  these  smaller  companies  were  well  integrated  and  were  as  efficient 
as  some  of  the  larger  companies. 

To  sum  up,  therefore,  the  revised  cost  data  presented  in  this  por- 
tion of  the  report  comprehend  the  costs  for  all  the  companies  in  the 
Lake  ore-using  districts.  These  costs  are,  for  purposes  of  compari- 
son, shown  in  two  ways,  first,  in  the  form  of  the  book  costs  already 
discussed  (these  have  been  computed  on  the  basis  of  the  costs  reported 
by  the  companies),  and  second,  the  same  costs  excluding  transfer 
profits.  These  costs  are  shown  separately  for  large  and  for  small 
companies. 

It  should  be  noted  here  that  the  distinction  between  the  costs  of 
large  and  small  companies  involved  a  different  treatment  with  respect 
to  the  additional  costs  of  general  expense  and  depreciation,  as  such 
costs  were  not  on  a  comparable  basis.  These  costs  for  the  larger 
companies  were  sometimes  too  high  and  for  the  small  companies 
too  low.  Instead  of  using  exclusively  the  arbitrary  additional  costs  as 
shown  by  the  records  of  the  companies  and  apportioned  by  the 
Bureau  to  the  several  products,  assumed  normal  figures  also  have  been 
used  in  connection  with  the  revised  costs  of  the  products  here  con- 
sidered. This  subject  is  treated  more  fully  later.  (See  pp.  319-320.) 
Section  i,  Uethod  of  eliminating  transfer  profit*. 

The  elimination  of  transfer  profits  by  the  Bureau  was  based  on 
information  furnished  by  the  companies  themselves  respecting  the 
amount  of  such  profits. 

In  the  first  place,  it  should  be  noted  that  the  whole  process  of  com- 
putation was  conducted  separately  for  each  company  iind  was  made 
according  to  the  actual  circumstances  of  its  production  and  consmnp- 
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tion  of  Jhe  several  products,  with  amounts  of  cost  and  pn^t  and  not 
by  the  nse  of  averages  per  ton.  In  general,  each  company  reported 
the  total  quantity  of  each  commodity  sold  to  outside  interests  or  trans- 
ferred to  other  departments  or  affiliated  companies  in  its.  own  or- 
ganization, tc^ether  with  the  profits  obtained  on  such  sales  or  trans- 
fers, respectively.  These  statements  showed,  therefore,  the  profit  by 
products  as  found  in  the  books  of  the  company.  The  companies,  in 
their  statements  of  profits  by  products,  had  not  allowed  for  the  addi- 
tional items  pf  general  and  miscellaneous  expense  and  depreciation 
appearing  in  the  profit  and  loss  accounts.  The  Bureau,  however,  in 
its  revision  made  such  an  allowance.  This  was  done  by  adding  these 
additional  costs  to  the  mill  costs.  The  method  applied  was  the  same 
in  principle  as  that  applied  in  reckoning  the  additional  costs  which 
were  added  to  the  mill  costs  in  order  to  obtain  the  total  book  costs 
(see  p.  20). 

It  is  important  to  note  that  there  were  no  additional  costs  to  be 
distributed  in  the.case  of  ore  and  coke,  and  hence  no  adjustment  to  be 
made  respecting  the  profits  thereon.  It  was  on  these  two  products 
that  almost  all  of  the  transfer  profits  deducted  were  received. 

One  rule  followed  in  the  elimination  of  profits  from  the  cost  of 
products  was  crediting  profits  on  sales  of  material  to  the  costs  of 
similar  material  purchased.  It  often  happened  that  during  the  course 
of  a  year  a  company  both  bought  and  sold  a  commodity  which  it 
required  in  the  production  of  another  commodity.  The  reason  for  this 
may  have  been  that  at  one  time  during  the  year  the  production  of  a 
certain  commodity— pig  iron,  for  instance — exceeded  the  demands  for 
consumption,  while  at  another  time  there  was  a  shortage.  It  was 
deemed  proper  to  deduct  from  the  cost  of  such  material  consumed 
the  profit  on  all  pig  iron  transferred  or  sold  up  to  a  tonnage  equal  to 
the  needs  of  cwisuinption,  regardless  of  the  fact  whether  all  of  that 
identical  tonnage  went  into  the  consumption  of  the  steel  works  or  not 
This  was,  in  effect,  offsetting  any  profits  received  from  others  for 
pig  iron  sold  against  profits  paid  to  others  for  pig  iron  purchased,  so 
far  as  was  necessary  to  equalize  the  production  and  consumption. 

This  system  of  computation  can  be  made  clear  by  a  brief  illustra- 
tion. Suppose  a  company  produced  100,000  tons  of  Bessemer  pig 
iron  in  a  year  at  an  average  cost  of  $12  per  ton,  and  sold  35,000  tons 
from  time  to  time  at  an  average  price  of  $14  per  ton,  or  at  $2  per  ton 
profit.  Suppose  it  consumed  in  its  own  steel  works  65,000  tons  of  pig 
Iron  of  its  own  production  and  10,000  tons  additional  purchased  in 
the  open  market  at  $15  per  ton.  The  direct  cost  of  the  pig-iron  ton- 
'  nage  consumed  would  therefore  be  65,000  tons  at  $12  per  ton,  and 
10,000  tons  at  $15  per  ton,  or  a  total  of  $930,000.  Against  this  cost, 
according  to  the  rule  adopted  by  the  Bureau,  there  was  put  the 
profit  on  so  much  of  the  tonnage  sold  as  corresponded  to  the  quantity 


,..d:,i.  Google 


INTBOJIUCTION  TO  BEVIBBD  COSTS,  1902-1906.  278 

purchased.  In  the  above  case  the  profit  of  $2  per  ton  an  10,000  tons 
of  the  total  tonnage  sold  gives  $20,000.  The  net  cost  of  the  pig  iron 
consumed,  therefore,  was  $910,000.  Such  transactions  of  purchase 
and  sale  during  a  year  were  not  uncommon.  They  were  sometimes 
important  for  companies  mining  and  consuming  ore,  where  a  variety 
of  grades  was  desirable,  as  the  product  of  one  mine  was  sometimes 
sold  in  order  to  buy  that  of  another, 

It  should  be  noted,  however,  that  even  if  no  credit  had  been  given 
for  profit  on  such  sales,  the  total  results  arrived  at  would  not  have 
been  materially  different 

It  would  be  obviously  improper  to  charge  against  the  cost  of  ma- 
terials all  the  profit  on  sales ;  that  is,  the  sales  for  tonnages  which 
were  not  needed  in  subsequent  stages  of  production.  On  the  other 
hand,  it  is  obvious  that  a  company  might  sell  a  large  part  of.  its  out- 
put &t  a  high  profit  and  buy  a  large  part  for  consumption,  paying  a 
high  profit  to  others.  To  take  no  account  of  this  profit  on  sales  would 
make  its  net  costs  appear  to  be  higher  than  they  really  were.  Indeed, 
a  concern  might  conceivably  enhance  its  costs  by  selling  all  its  produc- 
tion of  pig  iron  and  buying  all  the  pig  iron  required  for  consumption. 
Of  course  this  would  not  be  done  if  the  pig-iron  furnaces  were  at  the 
same  point  as  the  steel  works,  but  it  might  occur  if  the  steel  works 
were  located  at  a  different  place.  Indeed,  it  is  presumably  for  this 
reason,  In  some  degree  at  least,  that  such  counterbalancing  sales  and 
purchases  are  made,  as  by  this  means  there  may  be  a  saving  in  freight 

This  principle  of  crediting  profits  on  material  sold  against  costs 
of  similar  material  purchased  was  applied  consistently  through- 
out these  computations  of  cost  with  profit  eliminated.  Generally 
speaking,  it  was  applied  only  to  exactly  the  same  commercial  com- 
modity, but  in  some  cases  it  was  given  a  slightly  wider  scope 
owing  to  lack  of  specificness  in  the  data  available.  For  example, 
the  sales  of  pig  iron  were  sometimes  not  distinguished  as  to  kind  of 
pig  iron  sold,  and  some  of  it  instead  of  being  Bessemer  pig  iron, 
which  might  be  considered  with  reference  to  the  cost  of  ingots,  may 
have  been  foundry  pig  iron.  Even  where  there  was  known  to  be  a 
sufficiently  lai^  quantity  of  Bessemer  sold  to  counterbalance  the 
material  purchased,  the  profit  at  which  it  was  sold  may  not  have 
been  shown  separately.  In  such  cases  it  seemed  reasonable,  however, 
to  make  a  credit  in  the  manner  shown  above  on  the  basis  of  the 
average  profit  on  the  pig  iron  sold.  So  far  as  the  rate  of  profit  is 
concerned,  this  was  generally  higher  on  Bessemer  pig  iron  than  on 
the  other  common  grades,  so  that  if  any  error  existed,  it  was  generally 
in  not  deducting  enough  profit 

Another  rule  was  that  of  allocating  the  transfer  profit  for  a  given 
commodity  which  was  used  in  the  production  of  two  or  more  com- 
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modities.  In  such  cases  the  rule  adopted  waa  the  obvious  ooe,  namely, 
to  prorate  the  profits  per  too  according  to  the  tonnage  consumed. 
Thus,  if  a  company  produced  300,000  tons  of  Beseemer  ingots  and 
consumed  200,000  tons  in  the  production  of  rails  and  100,000  tons 
in  the  production  of  billets,  while  its  profits  on  the  transfer  of  such 
ingots  amounted  to  $300,000  or  to  $1  per  ton  on  the  average,  then  a 
profit  of  $200,000  was  credited  to  the  cost  of  ingots  in  the  production 
of  rails  and  a  profit  of  $100,000  was  credited  to  the  cost  of  ingots 
in  the  production  of  billets. 

A  conspicuous  difficulty  occurred  with  respect  to  the  question  of  the 
period  during  which  a  given  profit  was  earned  and  the  period  of 
production  against  which  it  should  be  applied  in  the  next  succeeding 
stage.  It  was  practically  necessary  to  assume  that  the  profits  earned 
on  a  given  commodity  in  a  given  year  were  applicable  to  the  reduc- 
tion of  the  costs  of  the  same  commodity  in  a  succeeding  stage  of  pro- 
duction for  the  same  year,  if  the  respective  tonnages  of  production 
and  consumption  were  equal,  with  suitable  adjustment,  to  be  con- 
sidered below,  if  the  tonnages  were  not  equal.  For  the  steel  products 
here  under  consideration,  namely,  ingots,  billets,  and  rails,  this  was  a 
comparatively  unimportant  matter,  as  the  pig  iron  and  subsequent 
materials  generally  moved  day  by  day  with  little  interruption  from 
one  stage  of  production  to  another.  It  was  of  great  importance,  how- 
ever, with  the  ore  going  into  pig  iron. 

The  case  of  Lake  ore,  therefore,  should  he  considered  specifically. 
The  ore  consumed  in  the  blast  furnaces  in  one  year  was  only  partly 
the  production  of  that  year;  probably  less  than  two-thirds  of  the 
Lake  ore  production  was  consumed  in  the  same  year.  The  ore  profits 
were  reckoned,  however,  not  on  the  production  at  the  mines  but  on  the 
sales  or  shipments  from  lower  Lake  ports,  and  the  question,  therefore, 
is  how  far  these  sales  in  any  one  year  covered  the  consumption  of  that 
year.  It  is  undoubtedly  true,  also,  that  a  large  part  of  the  Lake  ores 
used  at  the  furnaces  during  the  first  five  months  of  the  year  was  from 
shipments  billed  out  by  the  ore  companies  and  received  and  stock- 
piled by  the  furnaces  before  the  end  of  the  preceding  year.  This  is 
because  navigation  on  the  Great  Lakes  and  particularly  through  the 
Soo  Canal  is  generally  closed  from  the  end  of  November  till  near 
the  end  of  April.  The  ore  has  to  be  brought  down  during  the  open 
season  and  stock-piled  either  at  the  docks  at  lower  Lake  ports  or  at 
the  furnaces. 

It  was  not  possible  from  the  data  furnished  to  divide  the  ore 
profits  according  to  the  time  when  the  ore  was  consumed  nor  to  elimi- 
nate such  profits  from  the  costs  of  pig  iron  or  products  in  subsequent 
stages  of  manufacture  for  the  exact  period  during  which  such  profits 
■were  earned.    Consequently,  tJie  ore  profits  to  be  deducted  from  tJie 


n,s,t,..d:,i.  Google 


IKIBODUCTION  TO  KBVISBD  COSTS,   19(^-1906.  275 

coats  of  pig  iron  or  the  products  thereof  were  not  for  any  one  year 
the  exact  profits  that  would  be  deducted  if  all  the  necessary  data  had 
been  available.  As  large  ore  profits,  however,  were  charged  in  each 
year,  and  as  the  lack  of  correspondence  in  the  periods  related  only  to 
El  part  of  each  year,  the  discrepancies  arising  from  these  conditions 
were  not  very  great,  and  for  the  five-yesr  period,  taken  as  a  whole, 
they  disappeared  almost  entirely. 

The  difficulty  suggested  above  was  partly  obviated,  also,  by  carry- 
ing inventories  forward  into  the  consumption  of  the  succeeding 
year.  An  examination  of  the  data  regarding  the  production  and 
consumption  of  various  products  for  a  given  company  (notably, 
iron  ore  for  the  Steel  Corporation)  showed  that  while  for  the  five-year 
period  there  was  often  a  close  relation  between  the  two  amounts,  yet 
for  a  single  year  there  might  be  considerable  differences.  This  was 
largely  a  question  of  inventories.  The  plan  adopted  was  again  the 
obvious  one,  namely,  where  the  production  of  one  year  exceeded  the 
consumption  to  carry  forward  that  part  of  the  tonnage  and  profit 
which  was  not  required  for  the  consumption  of  that  year  and  to  apply 
it  to  the  consumption  of  the  following  year.  The  computation  of 
the  average  costs  for  five  years  combined,  as  well  as  for  single  years, 
was  made  more  accurate  by  the  application  of  this  rule. 

The  most  difficult  question  presented  in  the  computation  of  trans- 
fer profits  was  in  determining  the  division  of  profit  between  the  two 
grades  of  ore,  Bessemer  and  non-Bessemer.  The  profit  statements 
furnished  to  the  Bureau  did  not  miake  this  division.  For  some 
companies  it  was  unnecessary,  because  they  produced  only  one  variety 
of  ore.  For  certain  other  companies  it  was  a  matter  of  indifference, 
because  they  made  only  one  kind  of  pig  iron. 

In  these  cases  it  did  not  make  much,  if  any,  difference  so  far  as 
crediting  ore  profits  was  concerned  whether  they  sold  Bessemer  or 
non-Bessemer  ore,  even  though  they  made  Bessemer  pig  iron  only, 
because  in  either  case  the  profit  on  the  ore  sold  was  a  proper  offset 
to  the  cost  of  an  equal  tonnage  purchased.  But  for  companies  which 
produced  both  Bessemer  and  non-Bessemer  ores  and  which  likewise 
produced  both  Bessemer  and  basic  pig  iron  it  was  necessary  to 
divide  the  known  ore  profit  between  the  two  grades  of  ore.  The 
problem  was  to  estimate  the  amounts  of  profit  or  the  profits  per  ton 
obtained  from  Bessemer  and  non-Bessemer  grades,  respectively.  To 
do  this  recourse  was  had  to  the  market  prices  and  tonnage  of  de- 
liveries (transfers  and  sales)  of  the  two  grades  of  ore  for  the  com- 
panies reporting.  The  market  prices,  while  not  giving  an  exact  indi- 
cation of  the  realized  prices,  give,  nevertheless,  an  approximate  one. 
These  prices  showed  the  current  quoted  value  of  the  two  grades. 
Bessemer   and   non-Bessemer,   for   both   the   Old   Ranges   and   the 
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Mesabi  Range,  for  ore  of  the  standard  analysis.  Where  market  prices 
were  quoted  in  a  form  giving  a  range  of  high  and  low,  e.  g.,  $3  to 
$3.50,  the  lower  quotation  was  the  one  which  generally  represented  the 
real  market  for  the  bulk  of  the  business,  and  this,  therefore,  was  used 
in  preference  to  the  mean.  These  market  prices  were  combined  with 
the  respective  tonnages  by  grade  and  range  of  the  companies  report- 
ing and  the  total  value  so  computed  was  compared  with  the  actual 
value  realized.  The  discrepancies  which  appeared,  due,  for  example, 
to  the  full  market  prices  not  being  realized  on  account  of  difference 
in  quality  compared  with  the  standard,  or  to  price  concessions  when 
the  market  was  weak  or  for  some  other  reason,  were  adjusted  by 
revising  the  prices  l^  grade  and  range  so  that  the  total  value  so  com- 
puted was  equal  to  the  actual  value  realized.  This  method  of 
adjustment  rested  on  the  assumption  that  variations  in  the  totab 
were  generally  due  to  causes  that  affected  each  grade  in  substantially 
an  equal  degree,  and  this  assumption  was  probably  nearly  correct 
While  the  grades  of  ore  for  the  tonnages  of  the  various  companies 
could  be  determined  with  a  close  approximation  to  the  facts  for  the 
mines  in  the  Old  Ranges  according  to  mine  analysis,  the  grades  tor 
the  Mesabi  Range  rested  on  estimates,  though  for  tie  greater  part 
of  this  tonnage  the  estimate  was  that  of  the  producers  themselves. 
Another  difficulty  was  the  lack  of  close  correspondence  in  certain 
years  between  production,  for  which  the  grades  could  be  closely 
estimated,  and  shipments,  on  which  the  profits  were  actually  earned. 
While  these  difficulties  made  an  exact  estimate  impossible,  a  dose 
approximation  was  obtainable. 

The  actual  average  costs,  prices,  and  profits,  by  years,  for  all  the 
companies  reporting,  on  which  this  estimate  was  based,  are  shown  in 
the  following  table: 


(iDdollsnpvKroBton.) 
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The  deliveries  for  the  five-year  period  1902  to  1906  exceeded  the 
production,  because  some  ore  was  taken  from  stock-piles.  WhDe  it 
was  possible  to  obtain  the  production  by  ranges,  it  was  not  possible  to 
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obtain  the  deliveries  with  exactness  in  the  same  way.  In  order  to 
allot  them  it  was  necessary  to  estimate  what  proportion  of  the  differ- 
ence was  to  be  charged  against  or  credited  to  the  ore  from  each  range. 
A  general  indication  of  the  facts  was  furnished  by  the  statistics  of 
total  production  and  shipment  from  the  ranges  in  each  year.  From 
this  and  other  information  the  excess  or  deficit  of  deliveries  over 
production  was  allotted  to  the  Mesabi  and  Old  Bange  ore  tonnages. 

While  the  allotments  of  these  differences  to  the  Mesabi  and  the  Old 
Ranges,  respectively,  were  partly  estimates,  they  were  nevertheless 
approximately  correct,  and  any  error  that  existed  therein  was  evi- 
dently of  little  significance  when  compared  with  the  total  tonnages 
of  production  or  delivery. 

The  allotments  of  the  tonnages  for  the  grades  (Bessemer  and  non- 
Bessemer)  for  each  range  were  also  estimates.  As  already  explained 
above,  the  grade  of  ore  for  the  production  of  the  Old  Ranges  could  be 
determined  with  considerable  accuracy  from  the  mine  analyses  and 
the  allotment  fca-  the  tonnage  of  production  was  made  accordingly. 
The  Mesabi  ore  production  was  apportioned  between  Bessemer  and 
non-Bessemer  on  the  basis  of  an  estimate  furnished  by  the  producers 
for  the  output  of  several  of  the  largest  producing  companies  whose 
tonnages  made  up  a  great  part  of  the  total.  This  estimate  put  the 
proportion  of  Bessemer  ore  at  about  75  per  cent  for  1902,  1903,  and 
1904,  and  at  about  80  per  cent  for  1905  and  1&06.  The  proportion 
of  each  grade  being  determined  for  the  production  from  each  range, 
substantially  the  same  proportions  were  applied  to  the  deliveries. 

With  regard  to  prices,  the  general  tendency  was  for  the  official  price 
to  exceed  the  actual  price.  This  was  partly  due  to  the  fact  that  the 
official  prices  were  for  a  standard  or  base  quality  of  ore,  while  the  ore 
actually  delivered  was  of  varying  quality,  and,  generally  speaking, 
ran  under  the  standard  grade  in  quality.  The  condition  of  the  mar- 
ket also  had  an  influence  in  making  the  actual  price  vary  from  the 
average  of  the  official  quotations,  particularly  if  the  official  prices 
were  fixed  on  a  basis  which  did  not  correspond  with  the  conditions  of 
demand  as  they  developed  during  the  season.  Many  sales  were  like- 
wise made  at  rates  below  the  market,  partly  because  of  old  contracts 
made  when  ore  prices  were  lower  and  partly  because  certain  sales  were 
made  between  affiliated  interests  at  prices  less  than  those  ruling  in 
the  market  Adjustments  were,  therefore,  necessary  to  make  the 
computed  average  price  for  all  ore  each  year  agree  with  the  actual 
iverage  price. 

The  general  average  cost  shown  by  the  profit  and  loss  accounts  in 
any  given  year  did  not  correspond  exactly  with  the  cost  as  shown 
by  the  cost  sheets,  duefly  because  one  included  inventories  and  the 
other  did  not. 
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A  preliminary  step  to  computing  the  average  costs,  prices,  and 
profits  for  Bessemer  and  non-Bessemer  ore  was  the  computation  of 
costs,  prices,  and  profits  for  the  Mesabi  and  Old  Raji^e  ores,  by  years. 
Then  a  similar  computation  was  made  showing  the  Mesabi  and  Old 
Bange  ore  by  grades.  The  final  result  was  then  arrived  at  by  simply 
combining  Mesabi  and  Old  Range  Bessemer  and  Mesabi  and  Old 
Range  non-Bessemer,  by  years.  The  final  results  are  shown  in  the 
following  table: 

TiauB  88.— AVERAGE  COSTS,  PRICES,  AND  PROFITS  FOR  BALES  AND  TRANSFERS  OF 
ALL  LAKE  ORE  REPORTED  TO  THE  BUEEAW,  AND  ESTIUATED  DIVISION  OF  THE 
SAME  FOR  BESSEICBB  AND  NON-BESSEUER  ORES,  BY  YEARS,  l«(a-l«OI. 
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While  the  total  average  profits  for  each  year  were  compiled  from 
books  of  account,  the  profits  for  the  two  grades  of  ore  separately 
were  approximate. 

Ore  sales  and  ore  transfers  were  treated  separately  in  making  these 
adjustments  on  account  of  the  marked  differences  in  the  average 
prices  at  which  such  sales  and  transfers  were  made. 

As  just  noted,  while  in  the  determination  of  these  profits  on  ore 
certain  approximations  were  necessary,  yet  the  average  profit  for 
both  Bessemer  and  basic  pig  iron  combined  is  a  known  amount  de- 
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lived  from  the  records  of  the  companies.  There  is,  moreover,  no 
doubt  that  this  allocation  of  the  total  profits  on  ore  as  between 
Bessemer  and  basic  iron  is  substantially  correct 

Section  5.  Prinoipal  products  for  which  transfer  profits  were  dedacted. 

Transfer  profits  we're  deducted  from  ore,  coke,  pig  iron,  Bessemer 
ingots,  large  Bessemer  billets,  and  rails. 

The  principal  items  of  transfer  profit  were  for  ore  and  coke,  and 
10  a  less  extent  for  pig  iron  and  certain  minor  raw  materials,  such 
as  ferromanganese.  The  profits  on  all  ore  and  coke  entering  the 
net  metallic  mixture  and  coke  items,  respectively,  in  the  pig-iron 
cost  sheets  were  deducted  from  the  costs  of  these  items,  thus  giving 
the  net  costs.  In  the  cost  of  ingots  these  deductions  appeared  again 
in  the  reduced  cost  of  the  pig  iron  and  scrap  along  with  any  deduc- 
tions on  account  of  intermediate  profits  on  pig  iron,  so  far  as  they 
were  applicable  to  the  production  of  the  ingots  in  question.  Similar 
deductions  were  made  from  manganese  costs  on  account  of  inter- 
mediate profits  in  the  spiegel  and  ferromanganese.  As  these  deduc- 
tions resulted  in  a  revised  cost  for  the  ingots,  they  likewise  affected 
in  a  similar  manner  the  cost  of  ingots  used  in  making  large  billets 
and  rails. 
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CHAPTER  IX 
EEVISED  COSTS,  1902-1906. 

Section  1.  Comparuon  of  oostt  of  Lake  ore. 

The  present  section  comprises  the  ore  costs  for  all  the  companies 
reporting,  combined,  including  the  Steel  Corporation. 

The  costs  of  Lake  ore  require  only  one  insignificant  elimination, 
namely,  a  very  small  intermediate  profit  from  intercompany  royalty. 
That  there  are  no  intermediate  transfer  profits  on  materials  is  due, 
of  course,  to  the  fact  that  ore  is  an  original  raw  material.  There  is, 
however,  a  large  and  very  important  transportation  profit  in  the 
carriage  of  ore  accruing  almost  entirely  to  the  Steel  Corporation,  but 
on  account  of  this  circumstance,  as  already  stated,  this  profit  is  not 
to  be  eliminated  in  these  comparisons  of  average  costs  for  the  several 
companies,  although  the  extent  of  it  will  be  shown  in  detail  in 
Chapter  X,  and  it  will  be  taken  up  also,  as  already  noted,  in  connec- 
tion with  the  costs  of  the  Steel  Corporation  alone  for  the  year  1910. 

TlELK  89.— AVERAGE  BOOK  COST  OF  LAKE  ORE  AT  LOWER  LAKE  FORTH,  EXCLUDINO 
PROFrr  FROM  INTERCOMPANY  ROYALTY.  DISTOIODIBHDia  I..AKOE  AND  SMALL 
COMPANIES,  1HI2-IB06.' 

[In  doUan  per  groa  toiL] 
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Comparison  or  cosra  or  i.Aitai:  and  bmall  coufanib8  aftbb  bxcldd- 

DIO  PKOFITS   FBOM  INTEKCOHFANT  SOTAIiTTES. — The  COStS  aS  shoWD   In 

this  table  differ  from  the  book  costs  shown  above  (see  p.  34)  in  two 
respects  only.  First,  th^  distinguish  all  companies,  large  companies, 
and  small  companies,  and  seccHid,  they  show  the  costs  after  dimi- 
nating  profits  from  intercompany  royalties.  ' 

The  term  "  small  companies  "  is  not  such  an  accurate  description 
ID  the  case  of  companies  mining  ore  as  for  some  products  to  be  con- 
sidered later.  For  ore  mining  companies  it  includes  some  of  the 
larger  merchant  ore  concerns,  which,  however,  had  little  or  no  pro- 
duction of  pig  iron. 

Inasmuch  as  the  changes  in  costs  on  account  of  the  elimination  of 
profits  f r<sn  intercompany  royalties  were  very  slight,  it  is  unneces- 
sary to  show  the  book  costs  together  with  the  same  costs  after  elimi- 
nating such  profits.  The  prt^ts  from  intercompany  royalties  aver- 
aged only  $0.02  per  ton  for  all  companies  combined  and  $0.03  for  the 
large  companies.  There  was  little  variation  from  year  to  year  in 
this  item  of  intercompany  royalty  profit  for  large  companies;  it 
averaged  $0.02  per  ton  in  1903,  $0.03  in  1902,  1904,  and  1906,  and 
$0.04  in  1905.  For  the  small  companies  there  was  no  deduction  on 
account  of  intercompany  royalty  profit. 

AJter  making  this  small  deduction  for  intercompany  royalty  profit 
the  average  mine  cost  was  the  same  for  the  three  groups  shown, 
namely,  $1.05  per  ton.  There  were,  however,  some  differences  in  the 
various  cost  items  for  the  different  groups.  Thus,  for  the  item  of 
labor,  which  represents  the  direct  labor  cost  only,  the  average  for  all 
companies  was  $0.46  per  ton,  as  compared  with  $0,44  per  ton  for  the 
large  companies  and  $0.50  per  ton  for  the  small  companies.  The 
item  of  supplies  averaged  the  same  both  for  all  companies  and  for 
large  companies,  $0.17  per  ton,  while  for  small  companies  it  was  $0.20. 
Repairs  averaged  only  $0.02  per  ton  both  for  all  companies  and  for 
large  companies,  and  $0.03  for  small  companies.  Expense  averaged 
$0.03  per  ton  for  all  companies  as  against  $0.02  for  large  companies 
and  $0.06  for  small  companies.  The  greatest  variation  between  the 
cost  items  for  large  and  small  companies  was  in  the  item  of  depre- 
ciation, as  the  large  companies  charged  much  greater  amounts 
than  the  small  companies.  This  item  averaged  $0.15  per  ton  for  all 
companies.  The  charge  for  large  companies  was  $0.17  per  ton,  or 
$0.12  more  than  the  charge  for  small  companies;  which  was  $0.05,  It 
should  be  noted  that  the  item  of  depreciation  includes  stripping,  aver- 
aging a  few  cents  per  tan  for  the  large  companies.  The  small  com- 
panies made  no  distinct  charge  for  stripping.  The  small  companies 
showed  a  lower  average  royalty,  even  after  the  deduction  of  profits 
on  intercompany  royalties,  the  average  for  the  small  companies  being 
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$0.21  per  toil,  as  agftinst  a  net  average  royalty  of  $0.23  for  the  large 
companies.  Many  fee-ore  mines  (largelyintheMarquetteBange)  were 
in  the  small-company  group.  These  having,  of  course,  no  royalty, 
tended  to  reduce  the  average  royalty  cost  of  that  group  as  a  whole. 

The  small  companies  showed  a  lower  average  rail  freight,  princi- 
.  pally  due  to  the  fact  that  no  mines  in  the  Vermilion  Range  were  in- 
cluded among  them,  the  average  being  $0.58  per  ton,  as  against  $0.69 
for  the  large  companies.  On  the  otlier  hand,  their  average  Lake 
freight  charge  was  exactly  the  same  as  for  the  large  companies, 
namely,  $0.74  per  ton. 

The  small  companies  also  had  smaller  general  charges,  $0.12  per 
ton,  as  against  $0.16  for  the  large  companies.  Consequently,  the  small 
companies  had  a  lower  average  total  cost  at  lower  Lake  ports,  namely, 
$2.49  per  ton,  as  compared  with  $2.64  for  the  large  companies,  a  dif- 
ference of  $0.15  per  ton.  This  advantage  of  the  small  companies  was 
not  due,  however,  to  cheaper  mining  as  such,  but  to  different  condi- 
tions with  respect  to  royalty  and  freights.  It  should  be  distinctly  un- 
derstood that  the  small  companies  whose  ore  costs  are  shown  here, 
for  the  most  part,  are  not  the  same  small  companies  as  those  for 
which  the  average  costs  of  pig  iron  are  given  later. 

These  figures  show  the  average  costs  of  ore  at  lower  I^ke  ports, 
but  not,  of  course,  at  the  furnace.  While  some  of  the  consuming  fur- 
naces were  located  at  lower  Lake  ports,  the  net  costs  of  a  particular 
furnace  can  not  be  figured  from  these  averages. 

For  the  average  of  all  the  furnaces  using  Lake  ore,  a  considerate 
amount  of  rail  freight  has  to  be  added,  because  most  of  them  an 
located  at  a  considerable  distance  south  of  the  Great  Lakes, 

As  has  been  explained  above,  these  costs  of  ore  at  lower  Lake 
ports  do  not  contain  any  deduction  on  account  of  the  large  profits 
from  the  transportation  of  ore  which  are  made  by  a  few  ore-produc- 
ing interests,  and,  in  fact,  almost  entirely  by  the  Steel  Corporation. 
The  effect  of  such  transportation  profits  on  the  net  cost  of  ore  at 
lower  Lake  ports  is  taken  up  in  Chapter  X,  and  also  in  the  discus- 
sion of  the  integration  costs  of  the  Steel  Corporation  for  the  year 
1910  (Chs.  XIV  to  XVIII). 

Methoo  of  cOMPtmNo  COST  or  ore  at  lower  Lake  forts. — The  cost 
of  ore  at  lower  Lake  ports  was  determined  in  two  ways,  first,  on  the 
basis  of  production  costs,  and  second,  on  the  basis  of  costs  as  shown  by 
profit  and  loss  statements. 

By  the  first  method  the  cost  of  ore  at  lower  Lake  ports  was  com- 
puted on  the  basis  of  mine  costs  (including  general  expense,  depre- 
ciation, and  royalty)  plus  the  expenses  of  rail  freight  from  the  mines 
to  upper  Lake  ports,  and  the  expenses  of  Lake  freight  from  upper 
Lake  ports  to  lower  Lake  ports. 
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By  the  second  method  of  computing  the  cost  .of  ore  at  lower  Lake 
ports,  the  cost  of  ore  was  taken  as  shown  by  the  profit  and  loss  state- 
ments of  the  ore  companies  and  this  cost  had  reference  to  the  ton- 
nage actually  delivered  at  lower  Lake  ports. 

The  transfer  profits  eliminated  fma  book  costs  of  pig  iron  were 
based  upon  the  cost  of  ore  at  lower  Lake  ports  computed  by  the 
second  method,  namely,  from  profit  and  loss  statements. 

The  table  following  shows  the  average  book  cost  at  lower  Lake 
ports,  as  shown  by  profit  and  loss  statements,  by  years : 

TiBLB  SO.— AVERAGE  BOOK  COST  OF  LAKE  ORE  AT  LOWER  LAKE  PORTS,  DISTIN- 
QUISHINO  LARGE  AND  SUALL  COUPANIEB,  FROM  PROFIT  AND  LOSS  STATEMENTS, 
BY  YEAR8, 1902-1906. 
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The  above  table  requires  no  comment  further  than  to  note  that  in 
every  year  the  costs  of  the  small  companies  were  lower  than  those  of 
the  large  companies,  because  of  lower  charges  for  depreciation  and 
stripping  and  freight.    {See  Table  XVII,  p.  662.) 

Section  2.  Comparison  of  oosti  of  coke. 

The  coke  produced  by  the  companies  which  are  considered  in  these 
computations  of  revised  costs  was  of  three  kinds,  (1)  ConnellsviUe 
beehive  coke,  (2)  Pocahontas  beehive  coke,  and  (3)  by-product  coke. 
While  the  costs,  except  for  by-product  coke,  are  substantially  the 
same  as'  the  costs  for  the  same  districts  already  considered  (see 
pp.  71,  73)  the  quantifies  are  not  the  same.  In  none  of  these  three 
was  there  any  profit  included  in  the  coke  costs  themselves,  on  account 
of  the  transfer  prices  of  coal,  which  could  be  excluded  on  the  basis 
of  data  furnished  the  Bureau.  (In  the  subsequent  use  of  such  coke 
in  making  pig  iron,  however,  there  was  a  considerable  transfer  profit, 
as  noted  on  p.  66.)  Furthermore,  with  respect  to  the  differences 
between  large  and  small  companies,  it  should  be  noted  that  practi- 
cally all  the  ConnellsviUe  coke  (beehive)  for  which  the  Bureau  had 
returns  was  made  by  the  large  companies.  In  fact,  the  tonnage  for 
small  companies  was  so  small  that,  although  there  were  considerable 
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differences  in  their  costs,  it  had  no  effect  on  the  computati<Hi  of  aver- 
age book  costs  for  all  companies,  which  were  identical  with  the  costs 
for  large  companies,  hence  it  will  be  unnecessary  to  discuss  large  and 
small  companies  separately.  The  by-product  coke  reported  to  the 
Bureau  was  all  produced  by  large  companies.  As  regards  the  Poca- 
hontas coke  (beehive),  however,  large  and  small  companies  can  be 
shown  separately. 

COHPABIHON  OF  BOOK  COSTS  OF  FOCAHONTAS  BEEHIVB  COKE  FOB  LASGE 

AMD  suALL  COMPANIES. — A  Comparison  of  book  costs  of  Pocahontas 
beehive  coke,  distinguishing  between  large  and  small  companies,  is 
given  in  the  following  table : 


TablB  n.— AVERAGE  B 


[In  doUan  per  oat  too.} 
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The  average  book  cost  of  beehive  coke  in  the  Pocahontas  district 
for  all  companies  was  $1.74  per  ton.  The  difference  between  the  costs 
for  large  companies  and  for  small  companies  was  only  $0.10  per  ton, 
$1.80  per  ton  for  large  companies  as  against  $1.70  per  ton  for  small 
companies.  The  greatest  difference  in  the  cost  items  was  in  labor  and 
in  materials,  $0.09  per  ton  in  both  instances,  the  small  companies 
having  the  lower  costs.  This  was  partially  offset  by  a  difference  in 
favor  of  the  large  companies  in  repairs,  and  in  depreciation  of  $0.04 
per  ton  in  each  case,  leaving  a  net  difference  of  $0.10  per  ton,  as 
above  noted.  The  items  of  general  expense  and  royalty  were  the  same 
for  both  groups. 

Comparison  or  book  costs  or  beehive  and  bt-product  coke  fob  ail 
COMPANIES. — ^A  comparison  of  book  c<^ts  of  Connellsville  and  Poca- 
hontas beehive  ooke  and  by-product  coke  ia  given  ia  the  table 
following. 
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'  Fur  avcTBge  book  costs  bj  year? 
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xvm,  p.  sea. 

it  be  oimiiaied  with  the  coat  Iteme  ItH-  beehive  coin,  u  Uie 
atof  ookiDgohly,  tbe  ooatolcoal  being  entered  uaBepaisla 
the  blaat  fiuiiwxB,  Is  also  entered 


separstf  item.    In  the  can  ot  beeblve  coke,  the  coat  itema  oompilM  both  the  ooM  of 
udcokfaiglt.    CoDaequently  ULerelBnoKpaisteltrmiaTOoatotooaL     Aa  tbe cok*  ii  mad<  at  the  mluea, 

Ihoe  ia  no  aptclflc  Item  of  rrelgbt  tavolred  M  the  cost  of  beehive  flokn  at  Dvem. 
■  Alnady  Included  In  the  Items  of  ooit. 

The  average  book  cost  for  coke  was  $1,43  per  ton  for  Connella- 
rille  coke,  $1.74  per  ton  for  Pocahontas  coke,  and  $3.43  per  ton  for 
by-product  coke. 

The  coke  costs  for  the  different  districts  are  not  strictly  compar- 
able, because  the  coke  was  made  under  such  different  working  condi- 
tiwis.  This  is  especially  true  of  beehive  and  by-product  coke  and  a 
comparison  of  costs  would  be  valueless.  In  the  case  of  beehive  coke, 
however,  a  comparison  of  costs  between  the  Connellsville  and  Poca- 
bontas  districts  is  of  considerable  interest  because  practically  the 
whole  difference  in  cost  was  in  the  item  of  labor.  The  actual  book 
cost  of  Connellsville  coke  was  $1.46  per  ton,  but  this  was  reduced  to 
Jl.43  per  ton  by  a  credit  of  $0.03  per  ton.  Strictly  speaking,  this 
was  not  a  credit  for  by-products,  as  no  by-products  were  recovered 
^m  beehive  coke,  hut  was  a  credit  due  to  various  items  of  miscel- 
laneous income,  the  most  important  of  which  was  rental  of  tenements 
to  ccHupany  employees.  The  total  cost  in  the  Pocahontas  district 
vas  $1.74  per  ton,  or  $0.81  ptr  ton  more  than  in  the  Connellsville 
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district  Ab  above  stated,  this  difference  was  almost  entirely  in  the 
item  of  labor,  in  which  there  wag  a  difference  of  $0,29  per  ton  in  faTor 
of  the  Connellsville  district,  $0.97  per  ton  as  against  $1.26  per  t«D. 
The  high  cost  of  labor  in  the  Pocahontas  district  was  due  largely  to 
the  fact  that  in  this  district  labor  was  scarce  and  was  less  reliable 
and  less  efficient.  Connellsville  also  had  an  advantage  of  $0.01  per 
ton  in  the  item  of  general  expense,  while  Pocahontas  had  an  ad- 
vantage of  $0.01  per  ton  in  materials  and  $0,02  per  ton  in  repairs. 
Depreciation  and  royalty  should  properly  be  considered  together,  »3 
the  comparison  is  between  the  costs  of  coke  made  from  coal  held  in 
fee  and  coal  held  Under  lease.  Depreciation  was  high  and  royalty 
low  in  the  Connellsville  district  because  practically  all  the  coal  land 
was  held  in  fee.  The  contrary  was  true  of  the  Pocahontas  district 
where  the  coal  lands  were  held  under  lease.  Depreciation  and  royalty 
combined  average  $0,20  per  ton  for  the  Connellsville  district  and 
$0.21  per  ton  for  the  Pocahontas  district. 

For  most  of  this  coke  a  considerable  freight  had  to  be  paid  to  get 
it  to  the  blast  furnace,  i.  e.,  for  all  coke  except  the  by-product  coke. 

For  Connellsville  and  Pocahontas  coke,  these  average  costs  were  the 
same  as  for  the  total  production  already  given,  although  the  tonnage 
in  the  case  of  the  former  is  not  quite  so  large  (see  p.  71) .  For  the  by- 
product coke  the  average  cost  here  shown  was  considerably  higher 
than  the  average  cost  of  all  by-product  coke  reported  to  the  Bureau, 
which  is  shown  elsewhere  (see  p,  73).  A  discussion  of  the  different 
items  of  by-product  coke  is  not  of  any  special  importance,  as  beehive 
and  by-product  coke  costs,  as  above  stated,  are  not  comparable. 

Seotion  3.  Compsrisoa  of  costs  of  Beuemer  pig  iron. 

The  book  costs  of  Bessemer  pig  iron  are  compared  below  with  the 
costs  after  the  elimination  of  intermediate  transfer  profits  on  ore  and 
coke.  The  costs  of  the  large  and  small  companies  are  distinguished  in 
each  case.' 
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Tuu  «3.— AVSRAGE  BOOE  COST  OF  BESSEMER  FIO  IRON,  TRAMBFER  PROPITS  IN- 
CLUDED THEREIN,  AND  C08T  EXCLUMNO  TRANSFER  PROFITB,  DISTINGUISHINO 
UKQB  AND  SMALL  COMPANIES,  UM1-IM(I.I 
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>  For  average  cobU,  excluding  traiMtec  proflta,  by  rem,  see  Table  XIX,  p.  934. 

Comparison  or  book  costs. — The  table  shows  that  the  average 
Bessemer  pig-iron  costs  of  the  large  companies,  even  before  the  elimi- 
nation of  antecedent  transfer  profits,  were  distinctly  lower  than  those 
of  the  small  companies,  the  furnace  costs  being,  respectively,  $13.04 
and  $14.18  per  ton,  giving  an  advantage  for  the  large  companies  of 
$1.14  per  ton.  The  chief  differences  between  the  furnace  costs  of 
large  and  small  conif>anies  are  found  in  the  costs  of  ore,  coke,  and 
labor.  The  ore  cost  of  ihe  large  companies  was  higher,  being  booked 
at  $7.38  per  ton,  or  $0.18  higher  than  that  of  the  small  companies, 
$7.20  per  ton,  but  the  difference  was  chiefly  due  to  the  location  of 
the  furnaces.  As  stated  above  {see  p.  282),  the  small  companies  for 
which  the  costs  of  pig  iron  are  shown  here  are  not,  generally  speaking, 
the  same  small  companies  for  which  average  costs  of  ore  were  shown 
above.  The  disadvantage  of  the  large  companies  in  respect  to  book 
cost  of  ore  was  more  than  offset  by  the  book  cost  of  coke.  The  large 
companies,  with  an  average  book  cost  of  coke  of  $3.75  per  ton,  had  an 
advantage  of  $0.66  per  ton  over  the  small  companies  ($4.41).  In 
this  case  also  location  was  the  chief  factor. 
77232°— 13 21 
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The  net  advaatage  of  location  with  respect  to  these  two  materials 
may  be  roughly  estimated,  therefore,  at  $0.48  per  ton  for  the  large 
companies. 

The  large  companies  also  had  an  advantage  over  the  small  com- 
panies of  $0.06  per  ton  in  the  cost  of  limestone,  the  cost  being  $0.43 
per  ton  as  against  $0.49  per  ton.  Thus,  the  large  companies  had  an 
advantage  of  $0.54  per  ton  with  respect  to  the  three  raw  materials 
for  producing  pig  iron — ore,  coke,  and  limestone. 

The  chief  advantage  of  the  large  companies  was,  however,  in  the 
labor  cost,  namely,  $0.69  per  ton,  as  compared  with  $1.26  per  ton  for 
tiie  small  companies,  a  difference  of  $0.57  per  ton.  This  was  due 
chiefly  to  differences  in  efficiency  of  plants,  volume  of  production,  etc., 
and  was  perhaps  partly  the  result  of  a  larger  investment  of  capital 
per  ton  of  product.  Of  course,  even  where  the  investment  is  not 
greater  in  proportion  to  output,  it  is  generally  possible  to  have  a 
more  efficient  equipment  with  large  furnaces  than  with  small  ones. 

The  differences  between  the  other  items  of  cost  for  large  and  small 
companies  were  small,  in  no  case  exceeding  $0.08  per  ton.  The  large 
companies  had  an  advantage  of  $0.05  per  ton  in  supplies  and  tools. 
$0.02  in  miscellaneous  and  general  works  expense,  and  $0,08  jn  relin- 
ing  and  renewals.  The  small  companies,  on  the  other  hand,  had  an 
advantage  of  $0.03  per  ton  in  steam,  $0.07  in  materials  in  repairs 
and  maintenance,  and  $0.02  in  the  contingent  fund.  This  still  left, 
however,  a  net  advantage  of  $0,03  per  ton  in  favor  of  the  large  com- 
panies for  all  items  aside  from  raw  materials  and  labor. 

The  items  of  additional  cost  were  derived  from  the  profit  and  loss 
accounts  and  could  not  be  allocated  except  by  more  or  less  arbitrary 
methods  of  apportionment  (See  p.  20.)  They  comprise  the  items 
of  general  and  miscellaneous  expense  and  depreciation.  It  is  prob- 
able that  the  Bureau  has  erred  on  the  side  of  making  the  costs  too 
high  in  including  the  full  amount  of  these  additional  charges  in  the 
case  of  Bessemer  and  basic  pig  iron,  inasmuch  as  the  charges  for 
general  expense  were  incurred  only  in  a  small  degree  in  connection 
with  the  pig-iron  branch  of  the  business  for  large  steel  companies, 
though  the  system  of  allocating  these  additional  expenses  gave  an 
item  of  general  and  miscellaneous  expense  of  $0.37  per  ton  for 
Bessemer  pig  iron  and  $0.27  for  basic  pig  iron.  A  fair  average  de- 
preciation charge  for  a  blast-furnace  plant  is  $0,40  per  ton  of  product 
The  allocation  of  additional  cost  for  this  item,  on  the  principle 
applied,  worked  out  to  give  an  average  depreciation  charge  of  $0-39 
for  Bessemer  pig  iron,  but  of  only  $0.25  per  ton  for  basic.  For  basic 
-  iron,  therefore,  the  allowance  for  depreciation  was  probably  too  low. 
Taking  the  total  additional  cost,  the  allowance  per  ton  was  consider- 
ably too  high  for  Bessemer  and  a  little  too  high  for  basic    These 
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additional  expenses  are,  therefore,  stated  in  full  as  separate  items, 
ivith  the  caution  that  they  are  sometimes  excessive  and  sometimes 
inadequate. 

The  additional  costs  for  large  and  small  companies  probably  were 
not  made  on  a  comparable  basis,  those  for  the  large  companies 
being,  on  the  average,  considerably  too  high,  and  those  for  the  small 
companies  too  low.  Such  additional  costs  for  the  large  companies 
might  be  expected  to  run  higher,  especially  on  account  of  more  elab- 
orate technical  organization  and  equipment  intended  to  reduce  oper- 
ating costs. 

The  general  and  miscellaneous  expenses  were  condderable  for  the 
large  companies,  partly  on  account  of  their  more  complicated  organ- 
ization, and  amounted  to  $0.40  per  ton.  The  small  companies  made 
no  separate  charge  for  this  item,  such  charges  perhaps  being  included 
in  their  furnace  costs,  although  this  probably  was  not  the  case  to  any 
great  extent- 
There  was  also  a  great  disparity  in  the  charges  for  depreciation, 
which  averaged  $0.42  per  ton  for  the  large  companies  and  only  $0.09 
for  the  small  companies.  It  is  very  plain,  therefore,  that  the  large 
companies  made  very  heavy  charges  for  depreciation  as  compared 
with  the  small  companies.  Some  difference  in  this  respect  may  have 
been  necessary,  owing  to  the  more  elaborate  equipment  of  the  large 
companies,  but  it  must  be  remembered  that  this  depreciation  is  reck- 
oned per  ton  of  product,  and  more  elaborate  equipment  tends  to 
facilitate  larger  tonnages.  In  other  words,  more  extensive  plant  in- 
vestment is  not  synonymous  with  greater  investment  per  ton  of 
product,  or  with  greater  depreciation  per  ton  of  product.  For  de- 
preciation alone,  however,  $0.40  per  ton  is  regarded  as  ample,  while 
general  expenses  properly  chargeable  to  blast  furnaces  are  undoubt- 
edly small  for  steel-making  companies. 

Bearing  these  facts  in  mind,  the  total  book  costs  of  large  and  small 
companies  shown  in  the  foregoing  table  may  be  noted,  namely,  $13.86 
per  ton  of  pig  iron  for  large  companies  and  $14.27  for  small  com- 
panies, giving  a  difference  of  $0.41  per  ton  in  favor  of  the  former. 

Since  the  method  of  allocating  additimal  costs  was  arbitrary  (see 
p.  20),  it  seemed  advisable  to  determine  what  would  be  a  normal 
allowance  for  such  costs  and  this  was  done  fay  the  Bureau  after  con- 
sultation with  officials  of  the  Steel  Corporation.  It  was  determined 
that  an  allowance  of  $0.40  per  ton  for  depreciation  and  $0.10  per  ton 
for  general  expense  was  sufficient  to  cover  such  additional  costs  for 
pig  iron.^    It  should  be  home  in  mind,  however,  that  this  allowance 

'  The  nomiiil  coste  for  icpneral  expanse  and  depredation,  per  ton  of  BeBsemer  ingot*, 
large  Bessemer  blUeta,  and  BeBBemet  rails  were  pUctd  at  fO.dO,  fl.lO,  and  fl.SO  per 
ton,   respectlyelj. 
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is  cumulative  in  succeeding  stages  of  production  owing  to  the  fact 
that  more  than  1  ton  of  material  is  required  to  produce  1  ton  of  a 
more  highly  elaborated  product;  also  in  each  succeeding  stage  of 
production  there  is  a  further  charge  for  depreciation  on  account  of 
the  additional  equipment  required  to  carry  on  the  process  of  manu- 
facture. The  charge  for  general  expense,  which  includes  selling  ex- 
pense, is,  of  course,  much  heavier  on  the  commercial  products  than  on 
the  products  which  generally  are  to  be  further  elaborated. 

If  instead  of  the  arbitrary  additional  costs  an  assumed  normal 
allowance  for  such  costs,  namely,  $0.50  per  ton,  be  added,  the  total 
book  costs  would  be  $13.54  per  ton  for  the  large  companies  and  $14.68 
for  the  small  companies,  a  difference  of  $1.14  per  ton. 

COMPABISON  OF  COSTS  OF  ALL  COMPANIEa  AFTEK  ELIMINATION  OF  IN- 
TERMEDIATE TRANSFER  PROFITS. — TheTC  Were  great  differences  be- 
tween the  average  book  costs  of  all  the  companies  combined  and  these 
costs  after  eliminating  antecedent  profits  from  transfers  of  materials. 
These  differences  were  far  greater  for  large  companies  than  for  small 
companies. 

The  only  items  of  cost  which  were  changed  by  the  revision  were 
those  for  net  metallic  mixture  and  coke.  As  shown  on  the  books,  the 
average  cost  of  the  net  metallic  mixture  for  all  companies  was  $7.36 
per  ton  of  pig  iron.  The  elimination  of  the  transfer  profits  of  $1.26 
reduced  this,  however,  to  $6.10  per  ton.  This  corresponds  to  a  trans- 
fer profit  on  the  ore  consumed  of  approximately  $0.70  per  ton,  about 
1.8  tons  of  ore  being  used  on  the  average  to  produce  a  ton  of  Bessemer 
pig  iron. 

j.  The  transfer  profits  of  $0,63  per  ton  eliminated  from  the  cost  of 
coke  reduced  the  book  cost  for  all  companies  from  $3.81  per  ton  of  pig 
iron  to  a  net  cost  of  $3.28  per  ton.  A  little  more  than  a  gross  ton  of 
coke  was  used,  on  the  average,  for  a  ton  of  pig  iron,  and  hence  the 
transfer  profit  per  net  ton  of  coke  was  about  $0,46  per  net  ton  of  coke 
used. 

On  account  of  these  differences  in  particular  items  the  furnace 
costs  necessarily  differed  greatly.  The  average  furnace  cost  for  all 
companies,  as  shown  on  the  books,  was  $13.13  per  ton  of  pig  iron, 
as  against  $11.34  per  ton,  after  taking  out  the  total  transfer  profits 
of  $1.79.  Corresponding  differences  existed  for  the  total  costs  be- 
fore and  after  such  revisions.  Thus,  the  total  book  cost  was  $13.89 
per  ton  of  pig  iron;  or,  less  transfer  profits  of  $1.79,  $12,10  per  ton. 

It  should  be  distinctly  borne  in  mind,  of  course,  that  as  these  dif- 
ferences were  due  to  the  elimination  of  profits  derived  from  pre- 
ceding stages  of  production,  it  is  logical  that  the  cost  should  be 
lower  in  order  that  there  might  be  a  larger  margin  of  profit  to  furnish 
a  return  on  the  larger  investment  involved. 
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Comparison  of  costs  of  i^boe  and  shall  companies  afteb  elimi- 
nation  OF  INTERMEDIATE  TRANSFER  PROFITS The   reductlODB  in   COSt 

which  are  shown  above  were  more  characteristic  of  the  large  com- 
panies than  of  the  small  companies,  because  the  former,  generally 
speaking,  were  more  completely  integrated,  and  consequently  earned 
larger  profits  from  antecedent  stages  of  production. 

Thus,  while  the  large  companies  showed  higher  book  costs  for  net 
metallic  mixture  than  the  small  companies,  the  cost  of  this  item,  after 
eliminating  the  transfer  profits,  was  very  much  lower  for  them, 
namely,  $6.01  per  ton  of  pig  iron  as  against  $7.14  per  ton.  The 
small  companies,  on  the  average,  showed  very  little  profit  on  this 
account — only  $0.06  per  ton,  as  against  $1.37  for  the  large  companies. 

In  the  case  of  coke  there  was  no  intermediate  transfer  profit  for 
the  small  companies,  while  that  for  the  large  companies  averaged 
$0.56  per  ton. 

Consequently,  the  average  furnace  cost  after  the  elimination  of 
transfer  profits  showed  $11.11  per  ton  for  the  large  companies,  as 
compared  with  $11.12  per  ton  for  the  small  companies. 

These  marked  differences  in  furnace  costs  are  somewhat  dimin- 
ished, when  the  total  costs  are  compared,  on  account  of  the  greater 
additional  costs  of  the  large  companies.  (See  p.  289.)  Eliminat- 
ing transfer  profits,  the  total  cost  for  the  large  companies  was  $11.93 
per  ton,  as  compared  with  $14.21  for  the  small  companies,  a  differ- 
ence of  $2.28  per  ton. 

If  the  additional  costs  were  taken  as  equal  for  each  group  of  com- 
panies at  an  assumed  normal  cost  of  $0.50  per  ton  (see  p.  289),  the 
difference  would  have  been  $3.01  per  ton. 

While  in  this  revision  of  book  costs  the  Bureau  is  not  attempting 
to  eliminate'any  profits  except  those  from  the  transfers  of  materials, 
it  should  be  remembered  that  if  transportation  profits  on  ore  {see 
p.  329)  were  also  eliminated  the  reduction  in  the  cost  of  pig  iron 
resulting  therefrom  would  have  been  still  greater,  at  least  for  the 
large  companies.  This  further  reduction  in  the  cost  would  be  larger 
than  the  transportation  profit  per  ton  of  ore,  inasmuch  as  nearly  2 
tons  of  ore,  on  the  average,  are  required  to  make  a  ton  of  pig  iron, 
iloreover,  for  steel  products  made  from  pig  iron  there  would  be  a 
still  larger  deduction,  because  it  requires  more  than  1  ton  of  pig  iron 
to  make  a  ton  of  steel. 

This  general  fact  is  noted  here  and  need  not  be  repeated  in  dis- 
cussing the  costs  of  other  kinds  of  pig  iron  or  for  steel  products  made 
therefrom. 

TeaNSFEB  profits  BXCXIJDED  FROM  NET  METALLIC  MIXTURE  AND  COKE, 

Br  1XAE8. — The  transfer  profits  excluded  from  net  metallic  mixture 
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and  coke  have  already  been  discussed  for  the  five-year  period,  1903 
to  1906,  but  a  more  detailed  analysis  is  of  interest. 

The  following  table  shows  the  intermediate  transfer  profits  on  ore 
per  ton  of  Bessemer  pig  iron  and  compares  the  book  costs  of  the  net 
metallic  mixture  with  the  costs  after  the  elimination  of  these  transfer 
profits,  by  yeare: 

Table  94.— AVEHAOE  BOOK  COST  OF  NET  METALLIC  MIXTURE  USED  IN  MAETOa  BES- 
SEHEB  PIO  IRON,  TRANSFER  PROFITS  INCLUDED  THEREIN,  AND  NET  COST,  DIS- 
-"3  LAROE  AND  SMALL  COMPANIES,  BY  YEARS,  1S02-1S08. 
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Transfer  profits  eliminated  from  the  net  metallic  mixture  for  all 
companies  for  the  period  1902  to  1906  averaged  $l-.26  per  ton  of 
Bessemer  pig  iron.  The  results  of  real  significance,  however,  are 
those  for  the  large  companies,  because  of  their  preponderating  ton- 
nage and  because  they  were  well  integrated  concerns,  while  the  small 
companies  were  not.  The  average  transfer  profit  for  large  companies 
for  the  period  was  $1.37.  The  highest  transfer  profit,  $i,7l  per  ton, 
was  received  in  both  1903  and  1906,  which  were  prosperous  years  in 
the  steel  industry.  The  lowest  transfer  profit,  $0,88  per  ton,  was  in 
190i,  a  year  of  great  depression  in  the  industry.  For  1905  the  profit 
was  $1.25  per  ton,  and  for  1902,  $1.13.  The  diflferences  between  the 
book  costs  from  year  to  year  were  much  greater  than  the  differeoces 
between  the  net  costs,  bs  the  elimination  of  transfer  profits  was  a 
leveling  agency  and  tended  to  equalize  the  costs  from  year  to  year. 
The  transfer  profits  for  small  companies  were  unimportant,  averng- 
ing  only  $0.06  per  ton. 

The  following  table  shows  the  intermediate  transfer  profits  on  coke 
per  ton  of  Bessemer  pig  iron  and  compares  the  book  costs  of  coke 
with  the  costs  after  the  elimination  of  the  intermediate  transfer 
profits,  by  years: 
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TiBLK  as— AVERAGE  BOOK  COST  OF  COKE  t'SED  IN  UAEINO  BESSEUEH  PIG  IRON, 
TRANSFER  PROFITS  INCLUDED  THEREIN,  AND  NET  COST,  DISTINaUISHINO  ALL 
AND  LABOE  COUFANIES,'  BY  YEARS,  1802-1908. 
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Transfer  profits  eliminated  from  coke  for  all  companies  averaged 
$0.53  per  ton  of  Bessemer  pig  iron.  The  really  significant  figures, 
however,  are  those  for  the  large  companies  rather  than  all  companies, 
as  there  were  no  transfer  profits  on  coke  for  the  small  companies. 
The  average  transfer  profit  for  the  large  companies  was  S0.56  per 
ton.  The  greatest  profit  was  in  1903,  J0.99  per  ton.  While  this 
wfts  a  prosperous  year  in  all  hranches  of  the  iron  and  steel  industry, 
this  very  h%h  profit  was  undoubtedly  lai^ely  due  to  the  anthra~ 
cite  coal  strike  of  1902,  which  caused  an  abnormally  h^h  level  of 
prices  with  lai^e  profits  on  coal  and  coke  in  the  winter  of  1902- 
1903.  The  lowest  transfer  profit,  $0.37  per  ton,  was  in  the  lean 
year  of  1904.  The  profit  was  $0.58  per  ton  in  1902,  $0.53  in  1906, 
and  $0.42  in  1905.  As  was  the  case  with  the  net  metallic  mixture, 
the  elimination  of  transfer  profits  likewise  made  the  variation  in 
net  costs  from  year  to  year  less  than  the  variation  in  book  costs. 

Section  4.  Comparison  of  costs  of  basic  pig  iron. 

The  book  costs  of  basic  pig  iron  are  compared  in  the  same  manner 
as  for  Bessemer,  namely,  with  the  costs  after  the  elimination  of 
intermediate  transfer  profits  on  ore  and  coke.  The  costs  of  the 
tai^e  and  small  companies  are  likewbe  distinguished  in  each  case. 
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TiBlB  IK-AVERAOI  BOOK  COST  OP  BASIC  FIO  IBOS,  TRANSFER  PROFITS  IN- 
CLUDED THEREIN,  AND  COST  EXCLUDING  TRANSFER  PROFITS,  DISTINOOISH- 
DiO  LABQE  AND  SMALL  CONPAMIBS,  l«B-IMS.i 

[Id  dotlKS  per  crau  bm.) 


Hr 


AddlUonalcosl: 

Otaeal  knd  nJiiMDuHi- 
MU  BTpBDSe 

D«[«Bdatian 


1  For  BTwaee  cvsts  exdadlng  tran^ar  pilots,  by  yi 


M  TaUa  XX,  p.  S6S. 


CoMPAEiaoN  OF  BOOK  COSTS. — The  areragfi  costs  of  basic  pig  iron 
for  lai^e  companies,  even  before  the  ehmination  of  antece<leiit 
transfer  profits,  were  distinctly  lower  than  those  of  small  companies, 
the  furnace  costa  being,  respectively,  $12.17  and  $13.81  per  ton, 
giving  an  advantage  for  the  large  companiea  of  $1.64  per  ton.  Con- 
siderable differences  appear  in  the  various  cost  items. 

The  net  metalhc  mixture  (ore)  cost  of  the  large  companies  as 
shown  on  the  cost  sheets  exceeded  that  of  the  small  companiea  by 
$0.27  per  ton.  The  small  companies  whose  pig  iron  costs  are  shown 
here  are  not  identical  with  those  whose  ore  costs  are  shown  in 
Table  89.  For  coke,  however,  the  book  costs  were  considerably 
lower  for  the  large  companies,  namely,  $0.85  less  per  ton.  The 
large  companies  also  had  an  advantage  in  the  cost  of  limestone 
which,  on  the  average,  amounted  to  $0.18  per  ton.  This  gave  a 
total  advantage  for  the  large  companies  of  $0.76  per  ton  on  the 
raw  materials^ore,  coke,  and  limestone.  Location  of  furnaces  was 
undoubtedly  an  important  factor  in  these  differences  in  cost.  OtJier 
influences  have  already  been  made  clear. 
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The  large  companies  had  a  labor  cost  of  only  S0.57  per  ton,  as 
against  SI. 06  for  the  small  companies,  showing  a  difference  of  SO. 49 
per  ton.  This  was  due  chiefiy  to  ditlerences  in  efficiency  of  plants, 
volume  of  production,  and  to  some  extent  perhaps  involved  a  larger 
average  investment  per  ton  of  product. 

There  was  also  a  great  difference  in  the  coat  of  steam,  the  cost  for 
the  large  companies  being  SO.OO  per  ton  as  against  S0.31  for  the 
small  companies.  T\m  difference  of  S0.22  wae  probably  partly  due 
to  the  more  efficient  utilization  of  the  gas  from  the  blast  furnaces. 

The  differencee  in  the  remaining  items  of  cost  were  comparatively 
unimportant.  The  large  companies  had  an  advantage  of  S0.06  per 
Ion  in  materials  in  repairs  and  maintenance,  S0.02  in  supplies  and 
tools,  S0.08  in  miscellaneous  and  general  works  expense,  and  SO. 03 
in  relining  and  renewals.  The  only  item  where  the  advantage  lay 
with  the  small  companies  was  the  contingent  fund,  for  which  they 
made  no  chaise,  while  it  averaged  S0.02  per  ton  for  the  large 
companies. 

The  large  companies  had  greater  additional  costs  allotted  to  bas'c 
pig  iron  which  diminished  their  advantage  in  total  costs  over  the 
small  companies  by  $0.23  per  ton.  Of  this  $0.23,  $0.13  was  in 
miscellaneous  and  general  worka  expense,  and  SO. 10  was  in  depre- 
ciation. 

The  diJTerences  in  these  items  for  the  lai^e  and  the  small  companies 
were  not  nearly  as  conspicuous  for  basic  pig  iron  as  for  Bessemer  pig 
iron,  and  consequently  the  comments  made  with  respect  to  the 
latter  (see  p.  288)  would  apply  only  in  a  slight  degree  in  this  case. 

The  total  book  costs  for  basic  pig  iron  showed  an  average  of  $12.71 
per  ton  for  the  lai^  companies  and  $14.12  for  the  small  companies, 
giving  a  difference  of  $1.41  per  ton. 

If  an  assumed  normal  additional  cost  of  $0.50  per  ton  were  used 
instead  (see  p.  289),  the  total  book  cost  for  the  large  companies  would 
have  been  $12.67  per  ton,  as  against  $14.31  for  the  small  compa- 
nies, a  difference  of  $1.64. 

Comparison  of  costs  of  all  companies  afteb  elimination  or 
INTERMEDIATE  TRANSFER  PROFITS.— There  Were  great  differences 
between  the  book  costs  of  all  companies  and  these  costs  after  eliminat- 
ing the  profita  on  transfers  of  materials.  These  differences  were 
much  more  marked  for  large  companies  than  for  small  companies. 

The  only  items  of  cost  which  were  changed  by  these  eliminations 
were  the  items  of  net  metallic  mixture  asid  coke.  Taking  ffrst  the 
average  for  all  companies,  the  book  cost  of  net  metallic  mixture  was 
$7.15  per  ton  of  pig  iron,  and  eliminating  the  transfer  profits  on 
ore  of  $0.46  per  ton,  this  was  reduced  to  $6.69  per  ton.  Taken  on  a 
ton  of  ore,  this  profit  would  amount  to  $0.23.  The  profits  on  the 
non-Bessemer  ore  used  in  making  basic  pig  iron  were  much  lower 
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than  for  Bessemer  ore,  inasmuch  as  the  prices  were  much  lower,  while 
the  costs  of  uon-BesBemer  ore  probably  averaged  a  Uttle  higher. 

For  coke  the  average  book  coBt  for  all  companies  was  $3.32  per 
ton  of  pig  iron,  and  this  cost,  less  the  transfer  profit  of  S0.53  per  ton, 
was  $2.79  per  ton.  Figured  per  net  ton  of  coke  used,  the  profit  would 
be  about  $0.46. 

On  account  of  these  eliminations  of  antecedent  profits,  there  were 
marked  differences  in  the  average  furnace  costs  of  basic  pig  iron. 
Thus,  against  the  book  furnace  cost  of  $12.29  per  ton  for  all  compa- 
nies, the  ehmination  of  the  total  transfer  profits  of  $0.99  per  ton  gave 
$11.30  per  ton. 

Corresponding  differences  existed  in  the  total  costs  before  and  after 
such  eliminations,  the  average  total  costs  per  ton  being,  respectively, 
$12.81  and  $11.82. 

As  stated  before  (seep.  290),  these  transfer  profits  appUed  to  pro- 
ductive activities  in  prior  stages  of  production,  and  hence  the  margin 
between  cost  and  selling  price  should  be  greater  after  such  elimina- 
tions, in  order  to  furnish  a  return  on  the  investment  in  such  prior 
productive  enterprises. 

Comparison  of  costs  of  xabge  and  small  ooufanibs  after 

BLIMIKATIOH  OF  IKTERHEDIATK  TBANflFEK  PEOF1T3. — The  COSts  of  the 

net  metallic  mixture  for  the  large  companies  ($7.17  per  ton),  as  shown 
on  the  cost  sheets,  averaged  higher  than  for  the  small  companies  ($6.90 
per  ton),  as  aheadj  shown  (see  p.  294),  but  after  the  transfer  profits 
on  ore,  $0.48  and  $0.22  per  ton,  respectively,  wwe  eliminated  in  each 
case  these  costs  were  practically  the  same  for  these  two  groups, 
namely,  $6.69  and  $6.68  per  ton  of  pig  iron,  respectively. 

The  coke  cost  of  the  large  companies  was  reduced  by  the  elimi- 
nation of  transfer  profits  of  $0.58  per  ton  from  $3.26  per  ton  of 
pig  iron  to  $2.68  per  ton,  while  for  small  companies  there  was  no 
reduction. 

Consequently,  the  average  furnace  cost  after  the  elimination  of 
transfer  profits  of  $1.06  and  $0.22  per  ton,  respectively,  showed 
$11.11  per  ton  for  the  large  companies,  as  compared  with  $13.59  per 
ton  for  the  small  companies,  giving  a  difference  of  $2.48  per  ton. 

Owing  to  the  fact  that  the  additional  costs  of  the  large  companies 
were  considerably  greater  than  for  the  small  companies,  the  revised 
total  costs  did  not  differ  so  much  as  the  revised  furnace  costs. 
Thus,  eliminating  transfer  profits,  the  total  cost  for  the  lai^e  com- 
panies was  $11.65  per  ton,  as  against  $13.90  for  the  small  companies, 
giving  a  difference  of  $2.25  per  ton. 

If  an  assumed  normal  additional  cost  of  $0.50  per  ton  were  used  in 
each  ease  (see  p.  289),  the  difference  in  the  costs  of  Urge  and  small 
companies  would  have  been  $2.48  per  too. 
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Transfer  profits  excluded  from  net  hetallio  mixture  and 
COKE,  BT  TEARS. — The  tTODsfer  profite  eliminated  from  net  metallic 
mixture  and  coke  have  already  been  discussed  for  the  five-year  period, 
and  are  shown  in  the  table  below  by  years. 

The  following  table  shows  the  intermediate  transfer  profits  oa  ore 
per  ton  of  basic  pig  iron  and  compares  the  book  costs  of  the  net 
metallic  mixture  with  the  costs  after  the  eliminatioii  of  these  trans- 
fer profits,  by  years: 

TiBLK  OT.-AVERAOE  BOOK  COST  OF  NET  METALLIC  MIXTUHE  USED  TO  KAKINQ  BASIC 
FIG  IRON,  TRANSFER  PROFITS  INCLUDED  THEREIN,  AND  NET  COST,  DISTINQUISH- 
INO  LABQE  AND  SMALL  COMPANIES,  BY  YEARS,  1M2-1V0S. 
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Transfer  profits  eliminated  from  net  metallic  mixture  for  all  com- 
panies for  the  period  averaged  $0.46  per  ton  of  basic  pig  iron.  The 
significant  results  are  those  shown  for  the  large  companies  because 
of  their  preponderating  tonnage  and  high  degree  of  integration.  The 
average  transfer  profit  for  large  companies  was  $0.48  per  ton.  Basic 
pig  iron  showed  the  largest  profit  in  1906,  namely,  $0.92  per  ton.  This 
was  due  to  the  fact  that  the  price  of  non-Bessemer  ore  was  higher 
in  1906  than  in  1903,  while  the  costs  were  lower,  this  increased 
mai^in  being  reflected  in  the  transfer  profits  in  the  net  metallic 
mixture  for  basic  pig  iron.  In  the  year  of  depression,  1904,  instead 
of  a  profit  there  was  an  actual  loss  of  $0.07  per  ton.  The  transfer 
profits  were  $0.58  per  ton  in  1903,  $0.41  m  1905,  and  $0.15  in 
1902.  As  in  the  case  of  Bessemer  pig  iron,  the  differences  between 
book  costs  from  year  to  year  were  much  greater  than  the  differences 
between  net  costs,  as  the  elimination  of  transfer  profits  tended  to 
equalize  costs. 

For  the  small  companies  the  tonnages  were  small  and  the  circum- 
stances exceptional.  Transfer  profits  for  the  small  companies  aver- 
aged $0.22  per  ton  for  the  period,  but  appeared  in  only  two  years, 
J1.12  per  ton  in  1902,  and  $0.70  in  1903.     There  were  no  transfer 
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profits  in  subsequent  years,  as  the  only  company  which  transferred  its 
ore  at  a  profit  during  the  first  two  years  of  the  period  then  diacontinued 
making  basic  pig  iron  to  take  up  the  production  of  Bessemer  pig  iron. 
T!ie  following  table  shows  the  intermediate  transfer  profits  on  coke 
per  ton  of  basic  pig  iron  and  compares  the  book  costs  with  the  costs 
after  the  elimination  of  the  intermediate  transfer  profits,  by  years: 

■fABLK  fig.— AVEKAOE  BOOK  COST  OF  COKE  CSED  IN  MAKmG  BASIC  PIO  IRON,  TRANS- 
FER PROFITS  INCLUDED  THEREIN,  AND  NET  COST,  DISTINOUISHINQ  ALL  AND 
LABOE  COUPANIiSS,)  BY  VEARS,  I«a2-1SIH.  I 
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'  No  tiaosfer  pioflts  on  coke  for  mual]  oompuilM. 
The  transfer  profits  eliminated  from  coke  for  aD  companies  for  the 
period  averaged  $0.53  per  ton  of  basic  pig  iron.  The  results  for  large 
companies  rather  than  all  companies  are  the  ones  of  real  significance, 
as  there  was  no  transfer  profit  on  coke  for  the  small  companies. 
The  average  transfer  profit  for  the  large  companies  for  the  period  was 
SO. 58  per  ton.  The  very  high  profit,  $1.12  per  ton  in  1903,  was 
largely  because  of  the  cofd  strike  of  1902.  (See  p.  293.)  The  follow- 
ing year,  1904,  showed  a  profit  of  $0.40  per  ton,  the  lowest  of  the 
period,  because  of  depressed  business  conditions.  The  transfer  profits 
were  $0.63  in  1902,  $0.59  in  1906,  and  $0.46  in  1905.  The  varia- 
tions in  net  costs  from  year  to  year  were  much  less  than  the  varia- 
tions in  book  costs,  as  the  elimination  of  transfer  profits  tended  to 
equaUze  the  differences. 

Section  6.  Comparison  of  costs  of  Bessemer  and  basic  pig  iron,  com- 
bined. 

For  ordinary  cost  statements,  a  combination  of  Bessemer  and  basic 
pig-iron  costs  would  be  of  little  value.  This  is  due,  of  course,  to  the 
fact  that  the  ores  used  are  customarily  chafed  at  market  prices,  and 
that  the  prices  for  the  two  grades  of  ore  used  in  making  these  kinds  of 
pig  iron  are  widely  different. 

For  the  present  purpose,  however,  two  reasons  appear  for  com- 
bining the  costs  of  Bessemer  and  basic  pig  iron.    In  the  firat  place. 
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the  method  of  distinguishing  the  profit  on  Bessemer  and  non-Bessemer 
ores  (see  p.  275)  was  only  approximate.  The  results  obtaiued,  how- 
ever, are  believed  to  have  been  so  close  to  the  actual  facts  that  the  dif- 
ferences are  of  no  practical  impoitance.  Even  in  strict  accounting 
statements  there  are  many  approximations  which  contain'  probably 
greater  variations  than  in  thb  case.  Nevertheless,  a  result  arrived 
at  by  such  a  method  is  not  always  satisfactory  and  sometimes  not  so 
convincing  as  one  wliich  is  based  on  the  use  of  a  definite  amount  of 
profit.  Evidently,  by  combining  the  total  amounts  of  cost  of  Besse- 
mer and  basic  pig  iron  and  eliminating  all  the  ore  profits  from  this 
cost,  any  objections  to  the  Bureau's  approximate  method  of  dividing 
tlie  ore  profits  are  avoided.' 

In  the  second  place,  it  should  be  noted  that  a  combination  of 
Bessemer  and  basic  pig-iron  costs,  wMle  comparatively  meaningless 
when  the  ores  are  put  in  at  market  prices,  is  not  so  when  the  ores  are 
put  in  at  cost. 

The  revised  averages  do  not,  of  course,  give  a  furnace  cost  for  ore 
which  is  an  absolute  cost  of  production,  plus  freight,  to  the  furnace, 
because  a  good  many  concerns  had  to  purchase  a  part  of  their  ore 
and  some  of  the  smaller  ones  all  of  it.  For  the  large  companies, 
however,  the  revised  cost  of  the  ore  found  by  eliminating  transfer 
profit  is  very  nearly  the  net  cost  of  the  ore  at  the  furnace,  including 
full  transportation  chaises. 

Hence,  while  the  costs  of  both  Bessemer  and  basic  pig  iron  com- 
bined are  shown  in  the  following  table  in  the  same  form  as  above,  the 
results  which  are  of  interest  are  comparatively  Umited,  and  may  be 
more  briefly  described. 

TiBLS  M.— AVERAGE  BOOK  COST  OF  BESSEUEB  AND  BASIC  FIO  IRON  COMBINED, 
TRANSFER  PROFrrS  INCLUDED  THEREIN,  AND  COST  EXCLUDINQ  TRANSFER 
PROFITS,  DISTINaUISHINO  LARGE  AND  SHALL  COUFANIES,  Isoa-IMO^ 
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TiGLR  99— AVERAGE  BOOK  COST  OF  BESSEMER  AND  BASIC  PIO  IRON  C 
TRANSFER  PROFITS  INCLUDED  THEREIN,   AND   COST    EXCLUDING    TEAKSFER 
PROFITS,  DIBTIKOUIBHINO  LAROE  AND  SUALL  COUFANIEB,  lM2-lH)6_CaiitlDlied. 
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Comparison  of  book  costs.— An  inspection  of  this  table  shows 
at  once  that  in  this  combined  pig-iron  cost  the  elimination  of  transfer 
proRte  had  practically  no  effect  on  the  small  companies.  Inasmuch 
as  the  revised  costs  for  all  companies  for  Bessemer  and  basic  sepa- 
rately have  already  been  discussed  in  detail,  it  will  be  sufficient  to 
consider  here  the  results  for  large  companies  only. 

For  the  large  companies  the  average  book  cost  of  the  net  metalhc 
mixture  was  t7.34  per  ton  of  pig  iron,  but  this  was  reduced  to  $6.13 
per  ton  by  the  elimination  of  the  tiansfer  profits  of  Jl,21  per  ton. 
This  is  equivalent  to  a  profit  of  about  $0.65  per  ton  on  the  ore  used. 
This  net  cost  of  $6.13  may  be  compared  with  $6.01  per  ton  for  Besse- 
mer pig  iron  and  $6.69  per  ton  for  basic  pig  iron  for  this  item  for  this 
group  of  large  companies. 

The  average  book  cost  of  coke  for  the  lai^e  companies,  for  Bessemer 
and  basic  pig  iron  combined,  was  $3.67  per  ton  of  pig  iron,  but  this 
was  reduced  to  $3.10  per  ton  by  the  elimination  of  the  transfer  profits 
of  $0.57  per  ton.  This  is  equivalent  to  a  profit  of  about  $0.50  per 
net  ton  of  coke  used.  This  net  cost  may  be  compared  with  $3.19  per 
ton  of  coke  for  Bessemer  and  $2.68  for  basic  furnaces. 

The  other  items  of  furnace  cost  for  Bessemer  and  basic  pig  iron  com- 
bined, for  the  large  companies,  did  not  undergo  any  change  through 
the  elimination  of  profits,  while  the  costs  per  ton  for  the  several  items 
wore  nearly  the  same  as  for  Bessemer  pig  iron,  on  account  of  the  pre- 
ponderance of  tonnage  for  that  grade. 
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The  fumacfl  cost  for  both  gr&des  of  iron  combined,  for  the  large 
companies,  after  eliminating  transfer  profits,  was  $11.11  per  ton, 
being  the  same  as  for  both  Bessemer  aiid  basic  separately.  If  the 
additional  costs  are  taken  into  consideration,  however,  the  combined 
cost  becomes  S11.S8  per  ton,  as  against  $ll.d3  for  Bessemer  and 
Sll-65  for  basic.  This  combined  total  cost  of  $11.88  for  Bessemer 
and  basic  pig  iron,  for  the  large  companies,  is  close  to  a  normal  net 
cost  of  pig  iron  for  largo  integrated  companies  during  the  period  1902 
to  1906.  Assuming  a  normal  additional  cost  of  $0.50,  the  total  net 
cost  would  be  $11.61. 

It  should  be  repeated,  however,  that  a  concern  with  exceptional 
transportation  facilities,  such  as  the  Steel  Corporation,  would  have  a 
still  lower  integration  cost  if  transportation  profits  as  well  as  transfer 
profits  were  eliminated. 

Comparison  of  costs  of  Bessemer  and  basic  pig  iron  after 

ELIMINATION    OP    INTERMEDIATE    TRANSFEH    PROFITS.— The    COStS    of 

Bessemer  and  basic  pig  iron,  both  separate  and  combined,  have 
already  been  discussed,  but  a  comparison  of  the  items  of  net  cost  for 
Bessemer  and  basic  pig  u*on  is  of  great  interest,  as  showing  more 
clearly  wherein  the  differences  in  cost  lie.  This  comparison  is  made  in 
the  following  table: 

Table  lOO.-COMFABiaON  OF  AVERAGE  COSTS  OF  BESBEMEE  AND  BASIC  PIO  lEON, 
EZCLUDINO  TRANSFER  PROnTS,  DISTINOUISHINa  LARGE  AND  SUALLCOUPANIEB, 

uoa-iws. 
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It  is  unnecessary  to  discuss  the  items  of  net  cost  (cost  excluding 
transfer  profits)  for  all  companies  in  detail,  as  thej  are  so  similar'to 
the  large  company  net  costs,  owing  to  the  great  preponderance  in 
tonnage  of  the  large  companies  over  the  small  companies.  Conse- 
quently, a  discussion  of  these  costs  falls  much  more  properly  under 
the  head  of  large  companies.  It  is  sufficient  to  note  here  that  for  all 
companies  the  cost  of  net  metallic  mixture  for  Bessemer  pig  iron  was 
$6.10  per  ton  as  against  S6.69  for  basic;  coke  was  $3.28  and  $2.79  per 
ton,  respectively,  and  limestone,  $0.43  and  $0.47  per  ton.  Thus, 
Bessemer  pig  iron  had  an  advantage  of  $0.14  in  the  three  raw  mate- 
rials, $9.81  per  ton  as  against  $9.95.  This  difference  was  more  thmi 
offset,  however,  by  the  fact  that  basic  pig  iron  had  an  advantage  of 
$0.13  per  ton  in  labor,  and  $0.05  per  ton  in  all  the  other  items  of  cost 
combined.  Hence,  the  net  cost  of  Bessemer  pig  iron  at  furnace  was 
$0.04  per  ton  higher  than  for  basic,  $11.34  per  ton  as  against  $11.30. 
The  additional  costs  increased  this  advantage  of  basic  pig  iron  over 
Bessemer  to  $0.28  per  ton,  the  total  costs  being  $12.10  per  ton  for 
Bessemer  p^  iron  and  $11.82  for  basic. 

If  an  assumed  normal  additional  cost  of  $0.50  per  ton  were  used 
(see  p.  281)),  the  total  cost  for  Bessemer  pig  iron  would  have  been  $11.84 
per  ton  as  against  $11.80  for  basic  pig  iron,  a  difference  of  $0.04  per 
ton  in  favor  of  basic. 

For  the  large  companies  there  were  no  marked  variations  between 
the- cost  items  of  Bessemer  and  basic  pig  iron  aside  from  raw  mate- 
rials and  labor.  Net  metallic  mixture  was  $0.68  per  ton  higher  for 
basic  than  for  Bessemer  pig  iron,  or  $6.69  per  ton  for  basic  pig  iron 
and  $6.01  for  Bessemer.  The  net  cost  of  this  item  was  higher  for 
basic  than  for  Bessemer  pig  iron,  chiefly  because  of  (1)  higher  mining 
cost  of  non-Bessemer  ore,  (2)  disadvantages  in  the  locations  of  the 
groups  of  furnaces  making  basic  pig  iron,  and  (3)  the  larger  quantity 
of  ore  required. 

Coke,  on  the  other  hand,  was  $0.51  per  ton  lower  for  basic  than  for 
Bessemer  pig  iron,  amounting  to  $2.68  and  $3.19  per  ton,  respec- 
tively. The  net  costs  were  lower  for  basic  furnaces  chiefly  on  account 
of  lower  freight. 

In  limestone  Bessemer  pig  iron  had  an  advantage  over  basic  of 
$0.03  per  ton. 

For  the  three  raw  materials  of  ore,  coke,  and  limestone,  Bessemer 
pig  iron  costs  were  $0.20  per  ton  lower  than  basic  pig  iron  costs,  $9.63 
per  ton  as  against  $9.83  per  ton. 

Labor  was  $0.69  per  ton  for  Bessemer  pig  iron  and  only  $0.57  for 
basic,  or  $0.12  per  ton  less  than  for  Bessemer.  This  lower  labor  cost 
for  basic  pig  iron  was  probably  due  to  the  greater  efficiency  of  the 
blast  furnaces  making  basic  pig  iron,  which  as  a  rule  were  larger, 
more  modern,  and  better  equipped  than  the  furnaces  making  Besse- 
mer pig  iron. 
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The  greatest  variation  in  other  items  of  cost  was  t0.02  per  ton. 
Basic  pig  iron  had  an  advantage  over  Bessemer  in  each  of  these  items 
of  cost  except  relining  and  renewals  which  was  the  same  for  both  at 
10.17  per  ton.  The  advantage  of  basic  pig  iron  was  $0.02  per  ton  for 
each  of  the  items  of  steam,  materials  in  repairs  and  maintenance,  and 
supplies  and  tools;  in  miscellaneous  and  general  works  expense,  and 
also  in  contingent  fund,  it  was  $0.01  per  ton.  Thus,  aa  basic  pig  iron 
had  an  advantage  of  $0.08  per  ton  over  Bessemer  in  these  items  and 
$0.12  in  labor,  it  exactly  offset  the  advantage  of  Bessemer  pig  iron  of 
$0.20  per  ton  in  ccrat  of  raw  materials,  making  the  net  cost  at  furnace 
the  same  for  both  kinds  of  pig  iron,  $11.11  per  ton.  The  inclusion 
of  the  items  of  additional  cost  gave  an  advantage  to  basic  pig  iron  of 
$0.28  per  ton  in  the  total  cost,  $11.65  per  ton  aa  against  $11.93  per 
ton  for  Bessemer.  Of  these  additional  cost  items,  general  and  mis- 
cellaneous expense  was  $0.40  per  ton  for  Bessemer  pig  iron  and  $0,28 
per  ton  for  basic,  while  depreciation  was  $0.42  and  $0.26  per  ton, 
respectively.  If  a  normal  additional  cost  of  $0.50  per  ton  were  used 
in  each  case,  there  would  be  no  difference  in  the  total  costs  of 
Bessemer  and  basic  pig  iron  for  these  large  companies. 

There  is  not  the  same  significance  in  a  comparison  of  the  net  coste  for 
small  companies  as  for  large  companies  because  the  tonnage  involved 
was  much  smaller  and  integration  was  much  less  complete.  It  is  suffi- 
cient to  note,  therefore,  that  the  furnace  cost  of  Bessemer  pig  iron  for 
small  companies  was  $14.12  per  ton  as  against  $13.59  per  ton  for  basic 
pig  iron,  a  difference  of  $0,53  per  ton.  The  inclusion  of  the  additional 
costs  gave  a  total  cost  of  $14,21  and  $13.90  per  ton,  respectively. 

COMPABISON  OF  BOOK  COSTS  AND  NET  COSTS  OF  NET  METALLIC 
MDtTmtE  AND  COKE  FOR  BeSSEHEB  AND  BASIC  PIG  IKON,  BY  TEARS. — 

The  following  table  compares  the  book  costs  and  the  net  costs  of  net 
metallic  mixture  for  Bessemer  and  basic  pig  iron,  for  large  and  small 
companies,  by  years: 

TiBLi  101.— COMPABISON  OF  AVERAOE  BOOK  COSTS  AND  NET  COSTS  OF  NET  METAL. 
Lie  MIXTURE  FOB  BESSEMER  AND  BASIC  PIO  IRON,  FOB  LABOE  AND  SMALL  COM- 
PANIES, BY  YEARS,  ie(»-IW«. 
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For  the  lai^  companies  the  book  cost  of  net  metallic  mixture  for 
Bessemer  pig  iron  averaged  S7.38  per  ton  or  S0.21  per  ton  more  than 
the  cost  for  basic  pig  iron,  $7.17.  The  Bessemer  coBta  were  higher  all 
through  the  period  by  moi^ns  varying  from  $0.44  per  ton  in  1903 
to  S0.03  per  ton  in  1906.  The  deduction  of  intermediate  trans- 
fer profits  reversed  the  margin  between  the  costs  of  the  net  metallic 
mixtures  for  the  two  varieties  of  pig  iron,  Tnajrit^g  the  Bessemer  coets 
lower  than  the  basic.  The  net  cost  for  Bessemer  pig  iron  averaged 
S6.01  per  ton  as  against  S6.69  per  ton  for  basic,  a  difference  of  $0.68 
per  tx)n. 

In  the  case  of  small  companies  both  the  book  costs  and  net 
costs  of  net  metallic  mixture  for  Bessemer  pig  iron  were  higher 
than  for  basic  in  every  year,  with  the  exception  of  1903,  when  the 
Ihk^  cost  for  Bessemer  was  $0.05  per  ton  lower  than  for  basic. 
The,  average  net  cost  of  net  metallic  mixture  for  Bessemer  pig  iron 
was  $7.14  per  ton,  or  $0.46  per  ton  higher  than  the  cost  of  S6.68 
for  basic.  If  however,  the  ore  used  in  making  pig  iron  had  been 
obtained  at  net  cost  by  the  small  companies,  their  cost  for  net 
metallic  mixture  would  have  been  lower  possibly  for  Bessemer  than 
for  basic  pig  iron. 

The  following  table  compares  the  book  costs  and  the  net  costs  of 
coke  for  Bessemer  and  basic  pig  iron  for  large  and  small  companies, 
by  years: 
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For  the  lai^e  companies  both  the  book  costs  and  net  costs  of  coke 
were  lower  for  basic  pig  iron  than  for  Bessemer.  As  explained  above, 
this  was  lai^ely  due  to  lower  freights.  The  average  book  cost  of 
coke  for  the  period  was  $3.75  per  ton  for  Bessemer  pig  iron,  as  against 
$3.26  per  ton  for  basic  pig  iron,  a  difference  of  $0.49  per  ton.  On 
the  basis  of  net  cost,  the  average  cost  of  coke  for  Bessemer  pig  iron 
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was  S3. 19  per  ton,  or  SO. 51  per  ton  more  than  the  cost  for  basic  pig 
iron,  which  was  S2.68. 

There  were  no  transfer  profits  on  coke  in  the  case  of  the  small 
companies,  hence  book  costs  and  net  costs  were  identical.  Here, 
also,  coke  costs  for  Bessemer  pig  iron  were  higher  than  for  basic  in 
every  year.  The  average  cost  for  Bessemer  pig  iron  was  (4.41  per 
ton,  and  for  basic  S4.ll,  a  difference  of  $0.30  per  ton. 

SectioiL  6.  ComparisoiL  of  costs  of  Bessemer  billet  ingots. 

The  great  bulk  of  the  steel  made  during  the  period  1902  to  1906, 
inclusive,  in  the  districts  using  Ijake  oree,  which  are  here  under  con- 
sideration, was  made  by  the  Bessemer  process.  This  steel  may  be 
divided  into  two  kinds,  namely,  billet  (or  soft)  steel  and  rail  (or  hard) 
steel.  The  former  is  covered  by  the  term  "Bessemer  billet- ingots." 
The  costs  of  this  steel,  before  and  after  eUmination  of  antecedent 
profite  from  transfers  of  materials,  showing  the  costs  of  large  and 
small  companies,  are  given  in  the  following  table: 

Tabu  lOS.— AVERAQE  BOOK  COST  OF  BESBEUER  BULLET  mOOTS,  TRANSFER  PROFITS 
INCLUDED  THEREIN,  AND  COST  EXCLUDING  TRANSIEB  PROFITS,  DISTINOmaB. 
INO  LAROE  AND  SMALL  COUFANIEB,  Um-IMO.- 

[Id  doUn  per  groii  ton.] 
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Hi^dB  and  stoolB. 
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wcAb  Bxpenae 

Works  cost...:.. 
Addlticaal  ««t; 
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ToUilaiBt.. 

•  ForavaaB*' 


3.W      1S.17      17.13        2.1T      \5.X       M.M  .W        U.1I 


MM  (xohldtDS  traorfu  prMli,  b;  yaan,  at  Table  XXB,  p.  KJ. 
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CoMPAEiaoN  OF  BOOK  COSTS. — There  were  marked  differences  in 
the  costs  of  large  and  small  companies,  as  shown  by  the  books  of 
account.  Thus,  the  average  book  cost  of  ingots  at  the  steel  works 
for  all  companies  was  $16.64  per  ton;  for  large  companies  it  was 
S16.45  per  ton;  and  for  small  companies  S19.96  per  ton,  or  S3.5I  per 
ton  higher  than  for  large  companies.  This  difference  was  due  chiefly 
to  the  higher  cost  of  the  metal  used,  but  also  in  part  to  higher  costs  for 
other  items. 

The  book  cc»t  of  the  pig  iron  and  scrap  used  was  114.73  per  ton  of 
steel  for  the  lai^e  companies  and  S17.53  for  the  small  companies, 
giving  a  difference  of  (2.80  per  ton  in  favor  of  the  lai^e  companies.  A 
part  of  this  difference  was  due  to  the  fact  that  the  small  concerns 
which  used  their  own  pig  iron  had  higher  furnace  costs;  a  part  was 
due  to  the  fact  that  the  small  companies  had  to  purchase  a  much 
greater  proportion  of  the  pig  iron  used  than  the  large  companies,  and 
this  involved,  of  course,  paying  market  prices,  plus  freight  to  the  steel 
works,  instead  of  furnace  costs.  The  large  companies  had  very  httle 
expense  on  these  accounts,  as  they  purchased  a  comparatively  small 
proportion  of  their  pig  iron  during  this  five-year  period.  Neverthe- 
less, they  purchased  some,  and  this  tended  to  increase  the  average  coat 
of  their  pig  iron  and  scrap  used. 

For  the  same  reasons  the  book  cost  of  manganese  was  higher  for  the 
small  companies  than  for  the  large  companies,  namely,  fO.37  per  ton 
of  ingots,  as  against  $0.31. 

Labor  costs  of  the  small  companies  were  also  higher,  their  average 
being  $0.89  per  ton  of  ingots,  as  compared  with  $0.55  for  the  large  com- 
panies. This  was  partly  due  to  their  less  efficient  equipment  in  labor- 
saving  devices,  smaller  volume  of  production,  etc.,  but  probably  more 
particularly  to  the  fact  that  they  bought  a  greater  proportion  of  pig 
iron  and  scrap,  so  that  a  greater  expense  for  labor  in  remelting  the 
metal  at  the  cupola  furnaces  was  involved. 

The  small  companies  were  also  at  a  disadvantage  with  respect  to 
the  cost  of  fuel — i.  e.,  coke  used  in  remelting  cold  pig  iron  and  scrap 
in  cupola  furnaces — this  book  cost  of  fuel  per  ton  of  ingots  being  $0.46 
for  them,  as  against  $0.23  for  the  large  companies.  This  shows 
clearly,  of  course,  not  only  the  much  greater  use  of  cold  metal,  but 
also  tends  to  show  that  a  larger  proportion  of  the  pig  iron  and  scrap 
used  by  small  companies  was  purchased. 

For  the  other  items  of  cost  the  greatest  variation  was  $0.02  per  ton 
except  in  the  case  of  one  item  where  it  was  $0.10  per  ton.  The  ad- 
vantage in  favor  of  the  large  companies  was  $0.01  per  ton  in  lime- 
stone, $0,01  in  miscellaneous  and  general  works  expense,  and  $0.10 
in  materials  in  repairs  and  maintenance.  The  small  companiBs 
had  an  advantage  of  $0.02  per  ton  in  steam,  $0.01  in  molds  and 
stools,  and  $0.01,  also,  in  supplies  and  tools. 
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The  greater  works  cost  of  the  small  companies,  as  shown  on  the 
books,  waa  partly  offset  by  the  lower  additional  cost.  The  alloca- 
tions as  made  from  the  profit  and  loss  accounts  were  only  $0.02  per 
ton  of  ingots  for  the  small  companies,  as  against  $0.98  for  the  large 
companies.  The  small  companies  had  no  chaise  for  general  and 
miscellaneous  expense,  while  for  the  lai^e  companies  it  amounted  to 
$0.49  per  ton.  The  chaise  of  the  large  companies  for  depreciation 
was  also  $0.49  per  ton,  whereas  the  small  companies  had  a  merely 
nominal  charge  of  $0.02  per  ton. 

The  reasons  for  the  differences  are  substantially  the  same  as  for 
Bessemer  pig  iron  (see  p.  288)  and  need  not  be  repeated  here.  The 
cumulative  character  of  these  additional  costs,  due  to  the  usual  system 
of  charging  the  pig  iron  at  the  steel  works  at  furnace  cost,  without 
respect  to  the  additional  costs  shown  by  the  Bureau,  has  already  been 
explained  (see  p.  142).  Of  course,  in  comparing  these  additional  costs 
due  allowance  must  be  made  for  the  fact  that  the  group  of  small  com- 
panies varies  considerably  for  each  product.  This  explains  why  the 
additional  cost  for  these  ingots  for  small  companies  is  less  than  the 
additional  cost  for  Bessemer  pig  iron  for  small  companies. 

The  total  book  costs  of  the  large  companies  and  of  small  companies 
per  ton  of  ingots  were  $17.43  and  $19.98,  respectively,  showing  a 
(liiference  of  $2.55  per  ton. 

Instead  of  using  the  foregoing  additional  costs,  an  assumed  normal 
cost  for  general  expense  and  depreciation  for  Bessemer  steel  works 
may  be  used,  including,  of  course,  the  cumulative  cost  of  pig  iron 
on  the  same  basis  (see  p.  289),  namely,  $0.60  per  ton.  In  that  case 
the  total  cost  for  the  large  companies  would  be  $17.05  and  for  the 
small  companies  $20.56  per  ton,  a  difference  of  $3.51.  j 

Comparison  of  costs  of  all  companies  after  eliminatzon  op 
raTEHMEDiATB  TRANSFER  PROFITS.— The  elimination  of  antecedent 
profits  on  transfers  of  materials  used  greatly  reduced  the  costa  of  the 
Bessemer  billet  ingots  for  all  companies  combined,  the  effect  being, 
of  course,  much  more  conspicuous  for  the  large  companies  than  for 
the  small  companies. 

The  only  items  of  cost  affected  by  such  eliminations  wore  pig  iron 
and  scrap,  manganese,  and  fuel  (coke). 

The  book  costs  for  all  companies  showed  a  cost  for  pig  iron  and 
scrap  of  $14.88  per  ton  of  ingots.  The  elimination  of  transfer  profits 
of  $2.04  per  ton  made  the  cost  $12.84.  This  transfer  profit  com- 
bined, of  course,  all  transfer  profits  in  the  ore  and  coke  used  in  the 
pig  iron,  as  well  as  any  profit  on  the  transfer  of  the  pig  iron  itself. 
Generally  speaking,  however,  the  pig  iron  was  not  transferred  at  a 
profit,  so  that  this  factor  was  of  very  slight  importance. 

The  profits  in  manganese  related  to  the  same  sources  as  for  p^  iron, 
being  small  amounts  of  profit  on  account  of  ore  and  coke  used  in 
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makiiig  feTTomanganaBe  and  spiegeleisen,  as  well  as  for  transfer 
profits  for  diia  material  itself.  Eliminating  the  tnuisfer  profits,  the 
average  manganese  cost  for  all  companies  was  reduced  from  $0.31 
per  ton  of  ingots  to  S0.28  per  ton. 

The  profite  eliminated  from  the  cost  of  fuel  related  to  the  transfer 
profits  on  the  coke  used  in  the  cupola  furnaces.  The  quantity  <A 
coke  required  for  this  purpose  was  very  small  per  ton  of  ingots  pro- 
duced. The  transfer  profits  of  (0.03  per  ton  on  such  coke  resulted 
in  reducing  the  fuel  coat  from  S0.24  per  ton  of  ingots  to  90.22  per 
ton  for  the  average  of  all  companies. 

The  book  works  cost  for  all  companies  was  $16.64  per  ton  of  ingots 
produced ;  the  elimination  of  transfer  profits  of  $2.09  per  ton  reduced 
this  to  $14.55 -per  ton.  Tbe  additional  costs  were  $0.92  per  ton, 
making  the  total  book  cost  $17.56  per  ton,  or  $15.47  after  eliminating 
the  ttansfer  profit. 

The  fact  that  these  reductions  were  greater  than  those  for  pig  iron 
is  due  chiefly  to  the  fact  that  more  than  1  ton  of  pig  iron  and  scrap  is 
required  to  produce  a  ton  of  ingots,  on  account  of  waste  in  conversion. 
As  repeatedly  shown,  these  profits  go  back  chiefly  to  the  raw  materiab. 
The  amount  of  transfer  profit  on  pig  iron  as  such  was  of  very  little 
significance  against  the  total  tonnage  used. 

I  It  should  be  repeated  here  that  the  elimination  of  these  antecedent 
profits,  while  it  reduces  the  cost  and  tends  to  show  a  greater  margin 
between  cost  and  selling  price,  makes  it  necessary,  on  the  other  hand, 
to  take  account  of  the  fact  that  the  investjnent  in  several  prior  stagea 
of  production  must  be  covered  by  whatever  margin  of  profit  may 
result  therefrom. 

COUPABISON  OF  COSTS  OF  LARGE  AND  8UALL  COUPANIES  AFTEB 
BUMINATION     OP     INTBBMEDUTE     TRAN8FEB     PEOFTTS. — The     profitS 

eliminated  from  the  cost  of  Bessemer  billet  ingot6  had  reference 
chiefly  to  the  large  companies.  The  only  item  of  cost  of  the  small 
companies  which  was  affected  by  these  profit  eliminations  was  pig 
iron  and  scrap.  The  whole  dbcussion  of  the  revised  costs  of  the 
small  companies  may  be  dismissed,  therefore,  with  the  comment  that 
the  cost  of  the  pig  iron  and  scrap  was  reduced  by  the  elimination  of 
transfer  profite  of  $0.86  per  ton  from  $17.53  per  ton  of  ingots  to  $16.67 
per  ton.  The  same  difference  naturally  resulted  in  the  revised  works 
costs  and  revised  total  cosie  of  the  smaU  companies. 

For  the  large  compauies  the  elimination  of  transfer  profits  of  $2.11 
per  ton  reduced  the  cost  of  the  pig  iron  and  scrap  from  $14.73  per 
ton  of  ingots  to  $12.62  per  ton. 

The  change  in  the  cost  of  manganese  due  to  the  elimination  of 
ta-ansfer  profits  was  $0.03,  and  the  revised  cost  of  manganese  waa 
$0.28  per  ton. 
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1%e  only  otber  change  in  the  items  of  cost  resulting  from  the  elimi- 
nation of  antecedent  transfer  profits  was  with  respect  to  book  cost 
of  fuel,  i.  e.,  cupola  coke.  The  average  book  cost  of  fuel  per  ton  of 
ingots  for  the  large  companies  was  $0.23,  which  was  reduced  to  $0.20 
per  ton  by  the  elimination  of  the  transfer  profit  of  $0.03  per  ton. 

In  consequence  of  the  changes  in  these  three  items,  the  works  cost 
of  Bessemer  billet  ingots  for  the  large  companies  was  reduced  from  a 
book  figure  of  $16.45  per  ton  to  $14.2S  per  ton.  The  elimination  of 
the  transfer  profits  thus  reduced  the  book  cost  by  $2.17  per  ton. 
A  corresponding  reduction  resulted,  of  course,  in  the  total  cost  of  the 
large  companies,  which  was  $15.26  per  ton. 

The  difference  in  total  cost  (excluding  transfer  profits)  between 
large  and  small  companies,  as  shown  by  the  foregoing  table,  was 
$3.86.  If  an  assumed  normal  additional  cost  for  general  expense 
and  depreciation  ($0.60)  were  added  to  the  works  cost  of  the  lai^e 
and  small  companies,  the  differences  after  eliminating  transfer  profits 
would  have  been  $4.82  per  ton. 

TrANSFEB   PBOFITS    EXCLDDBD    FBOU    PIO    mON    AND   SCRAP,    MAN- 

QANESE,  AND  FUEL,  BY  YBAH8. — ^Tho  foUowing  table  shows  the  inter- 
mediate transfer  profits  on  pig  iron  and  scrap  and  compares  the  book 
costs  with  the  costs  after  the  elimination  of  the  into'mediate  transfer 
profits,  by  years: 

TABUlOt.-AVERAOEBOOK:COSTOFPIOmONANDeCRAFITBEDINl[AEINOBBBSBUEB 
BILhET  DJQOTB,  TBANSFER  PBOFITS  INCLUDED  THERKIN,  AND  NET  COST,  DI8TIN- 
OUIBHINa  LABOE  AND^HALL  COHPANIEB,  BY  YEABS,  ISCC-lflM. 
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Transfer  profits  on  pig  iron  and  scrap  for  all  companies  for  the 
five-year  period  averaged  $2.04  per  ton  of  product.  The  significant 
figures  are  those  for  the  lai^  companies,  as  they  were  all  weU  inte- 
grated and  produced  the  bulk  of  the  tonnage  of  Bessemer  billet 
ingots.  The  average  transfer  profit  for  the  period  was  $2.11  per 
ton.    As  in  the  case  of  Bessemer  pig  iron,  1903  showed  the  lai^st 
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transfer  profit,  S2.83  per  ton,  and  1904  the  lowest,  $1.42  per  ton. 
As  a  result  of  eliminating  the  transfer  profits  the  variations  from 
year  to  year  in  net  costs  were  much  less  than  the  variations  in 
book  cost. 

The  transfer  profits  for  the  smaD  companies  for  the  five-year  period 
averaged  S0.S6  per  ton,  and  ranged  from  a  profit  of  $2.78  per  ton  in 
1902  to  a  loss  of  J0,03  per  ton  in  1904.  This  extraordinary  varia- 
tion was  due  in  part  to  the  fact  that  for  one  company  the  pig  iron 
after  1902  was  generally  transferred  at  less  than  net  cost.  Owing 
to  the  small  tonnage  of  ingots  produced  by  the  small  companies  the 
results  shown  for  them  can  not  be  regarded  aa  typical. 

The  following  table  shows  the  intermediate  transfer  profits  included 
In  the  book  costs  of  manganese  and  fuel  (cupola  coke) : 

TABtB  lOS.— AVERAGE  TRANSFER  PBOFITB  INCLUDED  Wi  BOOK  COST  OF  MANOANTBE 
AND  FUEL  USED  IN  HAKINO  BESSEMER  BILLET  INQOTS,  DISTINOUISHIHO 
ALL  AND  LARGE  COMPANIES,'  BY  YEARS,  lWi-1906. 
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I  No  transfer  profita  on  mangimese  or  fuel  lor  small  companies. 

The  transfer  profits  excluded  from  manganese  were  small  and,  as 
above  stated,  were  entirely  due  to  the  profit  on  the  ore  and  coke 
used  in  producing  spiegel  and  ferromanganese.  The  average  transfer 
profit  for  lai^e  companies  for  the  period  was  f0.03  per  ton,  ranging 
from  $0.06  per  ton  in  1906  to  $0,02  in  1904,  There  were  no  transfer 
profits  for  small  companies. 

The  transfer  profits  eliminated  from  fuel  (cupola  coke)  were  like- 
wise small.  For  the  five-year  pieriod  the  average  transfer  profit  for 
large  companies  was  $0.03  per  ton,  varying  from  $0.05  in  1903  to 
$0.01  in  1904.  The  small  companies  showed  no  transfer  profits  on 
fuel. 

Section  7.  Comparison  of  costs  of  Bessemer  rail  ingots- 
Bessemer  rail  ingots  are  practically  the  same  as  Bessemer  billet 
ingots,  except  that  the  ateel  is  hardened  by  the  use  of  a  lai^er  per- 
cent^e  of  manganese,  which  tends  to  increase  the  cost  slightly. 
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'Wliile  all  the  products  hitherto  considered  were  produced  in 
exactly  the  same  districts  and  by  the  same  large  companies  (so  far 
aa  each  produced  the  products  under  consideration),  a  slight  variation 
from  this  rule  is  found  in  the  case  of  Bessemer  rail  ingots  and  rails 
(see  p.  271),  by  the  inclusion  of  another  company.  This  does  not 
introduce,howeTer,anydiaturbingelements  of  substantial  importance. 
The  following  table  gives  the  costs  of  Bessemer  rail  ingots  both 
before  and  after  the  elimination  of  antecedent  profits  from  transfers 
of  materials.  As  all  the  companies  making  rail  steel  were  large 
concerns,  only  one  group  is  presented  in  the  table, 

TlBLB  106.— AVERAGE  BOOK  COST  OF  BESSEMEB  RAIL  DJGOTS,  TRANSFER  PROFITS 
INCLUDED  THEREIN,  AND  COST  EXCLUDINO  TRANSFER  PROFITS,  FOR  ALL  COM- 
PANIES, una-iBos-i 
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'  For  mveraiie  costs  eiclodlDg  (lUiafer  pcDlltB,  b;  Jtaa,  Ma  T>b1«  XXIII,  p.  GOB. 

Comparison  of  costs  of  all  companies  aftek  elimination  of 
INTEBMEDLATE  TRANSFER  PROFITS, — The  ouly  items  in  the  cost  of 
Bessemer  rail  ingots  affected  by  the  elimination  of  antecedent  profits 
from  transfers  were  pig  iron  and  scrap,  manganese,  and  fuel  (cupola 
coke). 

The  book  cost  of  pig  iron  and  scrap  was  $14.45  per  ton  of  ingots, 
as  compared  with  112.70  per  ton  after  the  elimination  of  transfer 
profits  of  $1.75  per  ton.  The  character  of  these  transfer  profits  has 
been  au-eady  explained  above  in  connection  with  Bessemer  billet 
ingots  (see  p.  307). 
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The  book  cost  of  manganese  was  (0.80  per  ton  of  ingots,  ^ich  was 
reduced  to  f  0.73  per  ton  by  the  elimination  of  transfer  profits  of  $0.07 
per  ton.  These  profits  go  back  to  the  ore  and  coke,  as  already 
stated  (see  p.  307). 

The  transfer  profits  eliminated  from  the  item  of  fuel  relate  to  coke 
used  in  the  cupolas  and  avert^ed  $0.02  per  ton  of  ingots;  the  book 
cost  of  fuel  was  reduced  thereby  from  $0.15  to  $0.13  per  ton  of  ingots. 

In  consequence  of  these  changes  in  the  items  of  cost,  the  works 
cost  was  reduced  from  $16.54  per  ton,  as  shown  by  the  hooks,  to 
$14.70. 

The  additional  costs  for  Bessemer  rail  ingots,  which  averaged  $1.05 
per  ton,  consisted  of  $0.51  per  ton  for  general  and  miscellaneous  ex- 
pense and  $0.54  for  depreciation.  They  brought  the  total  book  cost 
up  to  $17.59  per  ton.  Deducting  the  total  transfer  profits  of  $1.84 
per  ton,  gave  a  revised  cost  of  $15.75  per  ton. 

These  additional  costs  show  probably  about  a  normal  figure  for 
ddprecJation.  (including  cumulative  additional  costs  for  pig  iron), 
but  they  are  altogether  too  high  for  general  expenses.  A  normal 
figure  for  the  two  combined  is  estimated  at  $0.60  per  ton.  (See  p.  289.) 
This  would  make  the  total  book  cost  $17.14,  and  the  total  revised 
cost  $15.30. 

As  stated  in  previous  cases  where  book  costs  and  these  revised  costs 
were  compared,  the  reduction  of  the  book  costs  by  eliminating  ante- 
cedent profits,  while  increasing  the  margin  of  profit  between  cost  and 
selling  price,  also  makes  it  necessary  to  take  into  account  the  invest- 
ment in  a  greater  number  of  stages  of  production. 

Transfer  PROFrrs  excluded  from  pig  iron  and  sobaf,  man- 
ganese, AND  fuel,  bt  tears. — The  following  table  shows  the  inter- 
mediate transfer  profits  on  pig  iron  and  scrap  and  compares  the  book 
costs  with  the  costs  after  the  elimination  of  the  intermediate  tranBfer 
profits,  by  years: 

Tabli  107.— average  BOOK  COST  OF  PIG  IRON  AND  SCRAP  USED  IN  JIAKINO 
BESSEMER  RAIL  INGOTS,  TRANSFER  PROFITS  INCLUDED  THEREIN,  AND  NEI 
COST,  FOR  ALL  COUPANIES,  BY  YEARS,  lMa-ie06, 
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Transfer  profits  in  pig  iron  and  scrap  averaged  $1.75  per  ton  of 
product  for  the  period.  As  in  the  case  of  billet  ingots  the  greatest 
profit  was  in  1903,  $2.45  per  ton,  while  the  lowest  was  in  1904,  f  1.03 
per  ton.  The  elimination  of  these  transfer  profits  made  the  Taxa- 
tion from  year  to  year  in  net  costs  less  marked  than  the  variation 
in  the  book  costs. 

The  following  table  shows  the  intermediate  transfer  profits  included 
in  the  book  costs  of  manganese  and  fuel  (cupola  coke) : 

TULE  loa-AVEBAQE  TRANSFER  PROFITS  INCLUDED  IN  BOOK  COST  OF  ICANOAHBSE 
AND  FUEL  USED  IN  ICAKJNO  BESSBUER  RAIL  INGOTS,  FOR  ALL  COICPANIEB,  BY 

YEARS,  itra-ixn. 
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The  average  transfer  profit  in  manganese  was  $0.07  per  ton  of 
product,  varying  from  $0.11  per  ton  in  1906  to  $0.04  per  ton.iii  1904. 
As  was  stated  under  Bessemer  billet  ingots  (see  p.  310),  this  profit 
goes  back  to  the  ore  and  coke  used  in  making  spiegel  and  ferro- 


For  fuel  (cupola  coke)  the  average  transfer  profit  was  only  $0.02 
per  ton  of  product,  ranging  from  $0.04  per  ton  in  1903  to  $0.01  per 
ton  in  1904,  1906,  and  1906. 

Section  8.  Comparison  of  costs  of  lar^e  Bessemer  billets. 

For  the  companies  and  production  here  onder  consideration,  about 
two-thirds  of  the  output  of  Bessemer  billet  Ingots  was  used  in  making 
large  Bessemer  billeta.  This  was  the  most  important  single  rolled 
product,  not  only  of  Bessemer  steel  but  of  any  khid  whatever,  during 
the  period  under  consideration.  In  the  present  cost  statements  for 
billets  the  costs  for  the  blooming  mill  are  combined  with  the  costs 
for  the  bUlet  mdl,  giving  the  cost  of  rolling  ingots  into  large  billete. 

The  costs  of  lai^  Bessemer  billets  both  before  and  after  the 
elimination  of  antecedent  profits  from  transfers  of  materials,  and 
distinguishing  the  costs  of  lai^  and  small  companies,  are  given  in 
the  table  following. 


,.,.d.i.  Google 


314  ,  THE   STEEL   INDU6TEY. 

TlBUlM.— AVEBAQE  BOOK  COST  OF  LARQE  BESSEUER  BILLETS,  TRANSFER  PROFITS 
INCLUDED  THEREIN,  AND  COST  EXCLUDING  TRANSFER  PROFITS,  DISTINOUISH- 
IKO  LARQE  AND  SHALL  COUPANIES,  1903-1906.1 
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tr  profits,  b7  yeaia,  aas  Table  XXIV,  p.  668. 


Comparison  of  book  costs. — Comparison  may  be  made  first  of 
the  differences  between  the  average  book  costs  for  all  companies  anH 
those  for  large  and  for  small  companies.  The  average  mill  cost  of 
large  Bessemer  billets,  as  shown  by  the  books,  was  $19.01  per  ton  for 
all  companies  and  $18.69  and  $22.51,  respectively,  for  the  lai^eand 
small  companies.  Thus,  the  average  mill  cost  of  the  large  companies 
was  $0.32  per  ton  lower  than  the  average  for  all,  while  the  average 
mill  cost  for  the  small  companies  was  $3.50  per  ton  higher.  The 
much  higher  mill  costs  of  the  small  companies  were  due  chiefly  to  a 
great  difference  in  the  average  cost  of  the  ingots  used,  and  also  to 
some  extent  to  higher  labor  costs. 

The  average  book  cost  of  ingots  used  was  $17.67  per  ton  of  billets 
for  all  companies,  compared  with  $17.38  for  the  lai^  companies  and 
$20.91  for  the  small  companies.  This  difference  of  $3.53  per  ton  be- 
tween large  and  small  companies  corresponds  ahnost  exactly  to  the 
difference  between  the  works  costs  of  Bessemer  billet  ingots  already 
given  (see  p.  306). 

There  were  also  marked  differences  in  labor  cost.  The  average 
for  all  companies  was  $0.53  per  ton,  aa  compared  with  $0.51  for  the 
large  companies  and  SO. 76  for  the  small  companies.     The  chief  cause 
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for  this  difference  ib  probably  due  to  differences  in  average  output 
per  mill,  but  partly  to  differences  in  labor-saving  devices. 

The  differences  between  l&f^e  and  small  companies  in  the  other 
items  of  cost  were  small,  the  greatest  vanation  being  $0.05  per  ton. 
There  was  a  difference  in  favor  of  the  large  companies  of  S0.05  per 
ton  in  fuel,  $0.03  in  miscellaneous  and  general  works  expense,  and 
SO.Ol  in  supphes  and  tools.  The  small  companies  had  an  advantage 
of  J0.03  per  ton  in  materials  in  repairs  and  maintenance  and  $0.02  in 
steam.     RoUs  were  the  same  for  both  groups. 

Against  these  lower  mill  costs,  however,  the  large  companies  had 
much  higher  additional  costs,  namely,  $1.20  as  compared  with  $0.03 
for  the  small  companies.  An  analysis  of  these  additional  costs  shows 
a  charge  for  the  large  companies  of  $0.61  for  general  and  miscellaneous 
expense,  while  the  small  compani^  made  no  charge  at  all.  The 
depreciation  item  for  large  companies  was  SO. 59,  but  only  $0.03  for  the 
small  companies.  As  already  explained  (see  p.  142),  most  of  this  addi- 
tional cost  is  an  accumulation  of  additional  costs  in  prior  stages  of 
production,  which  does  not  appear  in  the  cost  of  the  ingots  used, 
because  these  were  generally  transferred  at  works  cost.  These  addi- 
tional costs  were  invariably  much  heavier  for  the  laige  companies, 
and,  as  already  explained,  were  probably  unduly  high  for  them, 
while  much  too  low  for  the  small  companies. 

The  criticism  of  these  items  is  in  part  the  reverse  of  that  for  the 
similar  items  previously  considered  (see  p.  289).  In  this  case  the  depre- 
ciation appears  too  low  for  the  large  companies,  although  the  general 
expense  is  much  too  high.  For  the  small  companies  these  charges 
appear  entirely  inadequate.  On  account  of  these  inequalities  in 
additional  costs  the  differences  in  total  book  costs  were  not  so  great 
for  the  large  and  small  companies  as  the  differences  in  mill  costs. 

The  average  total  book  cost  of  lai^  Bessemer  billeta  for  all  com- 
panies was  120.11  per  ton,  for  large  companies  $19.89,  and  for  small 
companies  $22.54  per  ton.  The  difference  in  total  book  cost  between 
the  large  and  small  companies,  therefore,  was  $2.65  per  ton. 

If  instead  of  the  above  additional  costs  an  assumed  normal  addi- 
tional cost  of  $1.10  per  ton  be  taken  (including  cumulative  additions 
for  pig  iron  and  ingote;  see  p.  289),  the  difference  in  total  book  cost 
between  large  and  small  companies  would  be  $3.82. 

COMPABISON  -OP  COSTS   OF  ALL  COMPANIES   AFTEB  ELIMINATION   OF 

INTERMEDIATE  TRANSFEB  PBOFiTB. — While  the  ehmination  of  ante- 
cedent profits  from  transfers  of  materials  appreciably  reduced  the 
average  cost«  for  all  companies,  this  effect  was  especially  pronounced 
for  the  large  companies.  The  only  item  of  cost  which  was  affected  in 
any  case  by  the  revision  was  that  for  the  ingots  used. 

The  book  cost  of  ingots  used  for  all  the  companies — $17.67  per 
ton  of  billets — ^was  reduced  to  $15.46  per  ton  by  the  deduction  of 
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transfer  profits  of  S2.21  per  toD.  The  transfer  profits  so  deducted 
comprise,  of  course,  all  the  transfer  profits  in  prior  stages  of  produc- 
tion affecting  the  cost  of  this  item  from  the  ore,  coke,  pig  iron,  etc. 

The  average  mill  costs  of  laige  Bessemer  billets  for  all  companies 
were  reduced  from  a  book  figure  of  $19.01  per  ton  to  $16.80  by  the 
elimination  of  these  transfer  profits.  In  a  similar  mannei  the  total 
book  cost  was  reduced  from  $20.11  per  ton  to  $17.90.  The  final 
differences  were  exactly  the  same,  of  course,  as  the  differences  in  the 
cost  of  ingots  used,  which  are  given  above.  They  were  naturally  a 
little  greater  than  for  the  corresponding  costs  of  Bessemer  billet  ingots, 
because  a  httle  more  than  1  ton  of  ingots  is  required  to  make  a  ton  of 
billets. 

As  stated  in  discus^g  these  costs  for  the  preceding  products,  while 
the  elimination  of  antecedent  profits  tends  by  lowering  costs  to  show  a 
greater  mai^in  between  costs  and  selling  prices,  it  also  makes  it  neces- 
sary to  compare  this  greater  maigin  of  profit  with  a  greater  total  in- 


COMFABISON  OF  CX)8T8  OF  LABGE  AND  SHALL  COMPANIES  AFTER 
ELIMINATION  OF  INTERMEDIATE  TRANSFER  PROFITS. — The  elimina- 
tion of  antecedent  profits  iiffected  chiefly  the  costs  of  the  large 
companies.     The  cost  of  ingots  was  the  only  item  affected. 

For  the  large  companies  the  elimination  of  transfer  profits  of  $2.33 
per  ton  reduced  the  cost  of  ingots  from  $17.3$  per  ton  of  billets,  to 
$15.05. 

The  same  differences  naturally  appear  in  the  mill  costs  in  each  case, 
the  elimination  of  transfer  profits  reducing  the  book  figure  of  $1S.69 
to  $16.36. 

In  exactly  the  same  way  the  total  book  cost  of  laige  companies  of 
$19.89  per  ton  of  bdlets  was  reduced  to  $17.56. 

The  elimination  of  transfer  profits  of  $0.85  per  ton  reduced  the  cost 
of  ingots  for  small  companies  from  a  book  figure  of  $20.91  per  ton  of 
billets  to  $20,06  per  ton.  A  corresponding  difference,  of  course,  ap- 
pears for  the  mill  cost,  as  shown  on  the  books  ($22.51)  and  the  re- 
vised mill  cost  ($21.66)  and  likewise  between  the  total  book  cost 
($22.54)  and  the  revised  cost  ($21.69). 

Comparing  the  large  and  small  companies,  the  difference  in  tot&l 
cost  after  eliminating  transfer  profits  was  $4.13, 

If,  however,  instead  of  taking  these  additional  costs  as  a  basis,  an 
assumed  normal  additional  cost  of  $1.10  were  used,  the  difference 
would  be  $5.30. 

Transfer  profits  excluded  from  ingots,  bt  tears. — The  table 
following  shows  the  intermediate  transfer  profits  on  ingots  and 
compares  the  book  costs  with  the  costs  after  the  elimination  of  the 
intermediate  transfer  profits,  by  years. 
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Tuu  lU^AVBRAOB  BOOK  COST  O?  INOOTS  Q8BD  IN  UAKIHQ  ULROE  BEBSEIIEB 
BILLETS,  TSAM8FER  PROFITS  INCLUDED  THEREIN,  AND  NET  COST,  DISTIKQUISH- 
mo  LARGE  AND  BMALL  COUPANIEB,  BY  YEARS,  l«»-l«l)6. 
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Transfer  profits  eliminated  from  ingots  for  all  companies  averaged 
S2.21  per  ton  of  large  Bessemer  billets.  The  significant  figures,  how- 
ever, are  those  for  large  companies  because  thej  produced  the  greater 
part  of  the  lai^  Bessemer  billets  and  are  highly  integrated  concerns. 
The  average  transfer  profit  for  the  period  was  $2.33  per  ton.  Sim- 
ilarly, to  Bessemer  pig  iron  and  Bessemer  ingots,  the  laigest  profit 
was  in  1903,  $3.22  per  ton,  and  the  lowest  in  1904,  $1.62  per  ton. 
The  differences  between  the  net  coats  from  year  to  year  were  not 
BO  great  as  for  the  book  costs  because  the  elimination  of  transfer 
prohts  tended  to  reduce  the  differences. 

Transfer  profits  for  the  small  companies  averaged  $0.85,  but  pos- 
Bess  no  particular  significance  because  of  the  small  tonnages  involved. 

Section  8.  Comparisoii  of  costs  of  Bessemer  rails. 

During  the  period  here  under  consideration,  namely,  1902  to  1906, 
practically  the  whole  rail  production  of  the  country  was  from  Besse-, 
mer  steel.  The  figures  of  rail  costs  which  are  presented  below 
include  the  most  important  and  efficient  mills  which  produced  Bes- 
semer rails,  and,  as  already  shown  (see  p.  269),  77.1  per  cent  of  the 
total  production  of  the  entire  country. 

The  table  following  gives  the  book  costs  of  heavy  Bessemer  rails 
and  the  same  costs  after  the  elimination  of  antecedent  transfer 
profits.  As  all  the  companies  making  heavy  Bessemer  rails  were 
large  companies,  only  one  group  is  shown  in  the  table. 


n,s,t,..d:,i.  Google 


THE  STEBL  IHDUSTBT. 


U.-^AVXRAOB  book;  COST  OF  HEAVT  BBaSElIEB  BAILS,  TEANSPES  FBOPm 
D  TEEBEIN,  AND  CO0T  EXCLUDINa  TRANSFER  FROFITB,  FOB  ALL  COIf 
PAN  IBS,  IKO-lMt.' 
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1  For  average  casta  excluding  transfer  pioflta,  hy  yean,  8M  Table  XXV,  p.  GOV. 

Comparison  of  costs  of  all  companies  abtbb  elimination  of 
INTEBMEDIATE  TRANSFER  PROFITS, — ^The  Only  item  of  cost  affected 
by  the  elimination  of  antecedent  profits  was  that  qf  the  ingots  used. 

The  average  book  cost  of  ingots  used  was  $17,52  per  ton  of  rails. 
This  was  reduced  to  $15.05  by  the  elimination  of  transfer  profits  of 
$2,47.  The  transfer  profits  thus  excluded  related  in  a  greater  or  less 
degree  to  all  the  antecedent  stages  of  production. 

The  average  mill  cost  of  rails,  which  on  the  books  stood  at  $19.98 
per  ton,  was  reduced  to  $17.51. 

The  mill  cost  as  shown  by  the  coat  sheets  was  increased  by  the 
allotted  additional  cost  from  the  profit  and  loss  accounts  by  $1.29 
per  ton,  of  which  $0.62  was  for  general  and  miscellaneous  ex- 
pense and  $0.67  for  depreciation.  There  is  no  doubt  that  in  this 
case  this  allocation  of  depreciation  charges  gives  too  low  a  rate  for 
rails  (including  the  cumulative  depreciation  on  account  of  pig  iron 
and  ingots),  while  the  general  expense  is  probably  too  high  for  this 
product.  Added  to  the  mill  costs  they  give  $21.27  as  the  average 
total  book  cost,  which  after  the  elimination  of  transfer  profits  was 
reduced  to  $18.80.  The  normal  additional  cost  is  assumed  at  $1.30, 
or  only  1  cent  higher  than  that  used  above  (see  p.  320). 

While  the  cost  of  rails  is  thus  greatly  reduced  and  the  maigin  of 
profit  between  cost  and  selling  price  is  correspondingly  increased,  it 
should  be  borne  in  mind  that  the  investment  which  must  be  covered 
'  by  the  profit  shown  is  also  much  greater. 
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Tbansfbb  profits  excluded  fboh  ingots,  by  teabs. — The 
following  table  shows  the  intennediate  transfer  profits  on  ingots 
and  compares  the  hook  costs  with  the  costs  after  the  elimination 
of  the  intennediate  transfer  profits,  by  years: 

Tiiu  I11.-AVERA0B  BOOK  COST  07  INOOT8  USED  IN  UAEDiO  HEAVY  BB88EIIBR 
RAILS,  TRANSFER  PROFITS  INCLUDED  THBEEIN,  AND  NET  COST,  POB  ALL  COM- 
PANIES, BY  YEARS,  IMB^IMM. 


|Bi  dollan  per  gnu  too  of  imdiMt.| 

Y««. 

Book 
coat. 

proftM. 

NttCOit 

V-,. 

Book 
coat. 

TlWUlH 

pcoflW. 

NMoort. 

US.  81 
17.05 

12.  SO 
3.40 
L« 
1.01 

14.  W. 
1S.»  1 

u.ai 

W8.2J 

.^84 

iKO-im 

17.62 

a.  47 

The  transfer  profits  in  the  ingota  used  averaged  $2.47  per  ton  of 
product.  As  in  the  case  of  the  other  Bessemer  products,  the  greatest 
transfer  profit  was  in  1903,  S3.40  per  ton,  and  the  least  was  in  1904, 
J1.48.  The  elimination  of  transfer  profits  rendered  the  variations 
from  year  to  year  in  net  coats  much  less  than  the  variations  in  book 


Section  10,  Sammary  of  total  costs  on  basis  of  aasimed  normal  chafes 
for  additional  costs. 

In  the  cost  statements  in  the  foregoing  sections  certain  incon- 
sistencies in  the  additional  costs  have  been  noted  in  connection  with 
particular  products,  which  were  in  part  due,  not  only  to  the  use  of  an 
arbitrary  rule  in  allocating  the  general  expense  and  depreciation,  but 
also  to  the  fact  that  there  were  great  difierences  in  the  way  different 
companies  conducted  their  business  and  kept  their  accounts. 

Hence,  certain  assumed  normal  additional  costs  were  stated  in  eadi 
case  in  order  to  give  what  was  thought  to  be  a  fairer  estimate  of  total 
cost  and  also  to  make  a  fairer  comparison  between  the  total  costs  of 
the  large  and  small  companies.  These  assumed  normal  additional 
costs  are  as  follows :  Pig  iron,  $0.50 ;  Bessemer  ingots,  f0.60;  Bessemer 
billets,  11.10;  Bessemer  rails,  S1.30. 

It  will  be  convenient,  therefore,  bo  summarize  the  total  costs 
arrived  at,  by  the  use  of  these  assumed  additional  costs,  in  a  single 
table.  For  this  purpose  it  is  sufficient  to  show  the  furnace,  works,  or 
mill  coats  and  the  total  costs  for  the  products  whose  costs  are  dis- 
cussed in  this  chapter.  These  are  given  in  the  table  following,  dis- 
tinguishing (1)  book  costs  and  (2)  book  costs  less  transfer  profits,  for 
each  of  the  groups  of  companies  which  have  been  discussed. 
77232°- 
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TUU  113.— TOTAL  AVERAGE  COSTfl  FOR  SPECIFIED  PRODUCTS,  ARRIVED  AT  BT 
ADDING  TO  THE  FDRNACE,  WORKS,  OH  MILL  COSTS  AS  SHOWN  BY  THE  COST 
BTATEUENTS  AN  ASSUMED  NORMAL  CBARQE  IN  PLACE  OP  COMPUTED  ADDI- 
TIONAL COSTS  (OBNEBAL  EXPENSE  AND  DEPRECIATION),  AND  THE  SAKE  TOTAL 
COSTS  EXCLUDING  TRANSFER  PROFITS,  1903-1906. 
(In  dolkra  per  gtaei  ton.] 


—- 

Small  oompaoiEa. 

It«a. 

oort. 

'^ 

Book 
coat. 

'M 

Book 

Eiclud- 

B«nmiirpl«lrai: 

13.  «3 
IXM 
12.79 

17.14 

19.01 

ao.ii 

21.38 

11.30 
11.80 

U.55 

15.30 
10.80 

»13.U 

1Z67 
Ifl.M 
17.06 

HI.  11 

11.61 

U.28 

IM.IS 
U.68 

U.S1 

Total  cow  (wtth  unmud  addltlaii  ot 

B«lc  pig  iron: 

Total  ™t(-tth.«.m«lBddltto,.  01 

BaMemer  billet  IngDtu 

Total  coat  (with  unimMl  oddRkoi  of 
W^petlm) 

BoMmarnniugotKi 

U.70 

Total  ooat  Cwllli  aaumed  addltkni  of 

IS.  60 
19.7* 

16,36 
17.46 

32.51 
ffl.61 

■nm 

Total  Doat  (vltli  umtued  addttlon  of 

H,avyB««n«r.ib:. 

Total  oust  (witb  assumed  addition  of 

PM 

The  general  effect,  it  will  be  remembered,  of  substituting  theee 
assumed  normal  charges  for  general  expense  and  depreciation  (addi- 
tional costs)  in  place  of  the  arbitrary  allocations  from  data  shown 
in  profit  and  loss  accounts  was  to  reduce  the  average  costs  of  all 
companies  in  each  instance,  except  rails,  and  especially  for  the  lai^ 
companies.  On  the  other  hand,  this  method  of  fixing  these  addi- 
tional costs  raised  the  average  total  costs  of  small  companies  for 
die  same  products  in  every  instance. 

Section  11.  limitations  and  interpretation  of  foregoing  cost  dat*. 

As  previously  stated,  the  elimination  of  antecedent  profits  from 
the  costs  as  shown  by  the  books  of  the  companies  could  not  be 
carried  with  accuracy  bfffond  the  products  discussed  above  with  the 
data  available  to  the  Bureau,  particularly  because  the  quaUty  of  the 
Bteel  used  for  many  rolled  products  was  not  generally  specified. 
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Tt  mi^t  appear,  nerertheless,  that  the  for^oii^  discuesion  of  costs, 
eliminating  transfer  profits,  in  connection  with  the  book  coats  of 
other  finished  steel  products  would  afford  a  means  of  roughly  esti- 
mating the  net  costs  of  such  other  more  highly  manufactured  products, 
and  to  a  certain  extent  this  is  undoubtedly  true.  For  example,  the 
net  cost  of  tngota  produced,  as  computed  1^  the  Bureau,  together 
with  the  data  as  to  waste,  would  afford  a  means  of  revising  the  net 
cost  of  ingots  used  in  making  structural  shapes  from  ingots.  To  this 
could  be  added  the  cost  above  material  and  any  additional  costs 
shown  by  the  books  of  account.  A  still  simpler  and  rougher  method 
would  be  to  deduct  the  difference  between  net  cost  and  book 
cost  of  ingots  produced  from  the  price  of  ingots  used .  In  fact  a  greater 
difference  should  be  deducted  if  the  ingots  used  are  the  same  as 
those  for  which  the  production  costs  are  given,  on  account  of  the 
change  in  the  cost  of  wa^te.  The  costs  above  material  would  give 
all  other  items  of  mill  cost. 

There  are  two  serious  objections,  however,  to  such  an  attempt  to 
estimate  net  coats  for  other  products.  In  the  first  place,  the  quahty 
of  steel  used  is  not  always  known,  and  it  makes  a  great  difference 
whether  it  was  Bessemer  or  open  hearth.  The  structural  shapes 
and  plates  for  which  the  costs  are  shown  were  largely  of  both 
Bessemer  and  basic  open-hearth  steel.  The  greater  part  of  the 
sheets  and  most  of  the  wire  rods  for  which  cost  data  are  presented 
were  made  from  Bessemer  steel.  In  any  case,  however,  there  would 
be  a  considerable  probability  of  error  on  this  account  if  net  costs 
were  estimated  in  the  manner  indicated. 

In  the  second  place,  the  costs  of  production  differed  widely  between 
different  plants,  so  that  the  averageproduction  cost  for  all  the  con- 
cerns producing  a  certain  product  would  afford  no  exact  indication 
of  the  cost  of  this  same  product  for  the  particular  concerns  which 
furnished  the  material  used  for  making  a  ^ven  product  in  a  succeed- 
ing stage  of  production.  This  would  be  especially  true  of  a  product 
Uke  billets,  which  may  be  used  for  producing  wiro  rods,  merchant 
bars,  and  other  articles.  The  particular  quantities  of  billets  supplied 
for  making  wire  rods  might  come  from  different  plants  from  those 
used  for  making  merchant  bars,  and  have  considerably  different  costs 
of  production. 

For  these  reasons,  as  well  as  other  technical  difficulties,  the  Bureau 
did  not  compute  such  costs,  but  confined  its  attention  to  the  cost 
computations  given  above,  which  involved  the  deduction  of  actual 
amounts  of  profit  for  the  several  companies  whose  costs  were  averaged. 

The  foregoing  statements  of  costs,  including  and  excluding  the 
antecedent  transfer  profits,  show  in  a  broad  way  the  effect  of  such 
profits  on  the  costs  of  products.     They  do  not  show  the  effect  of  such 
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profits  exactly,  because  it  was,  not  possible  to  ascertain  all  such 
profits,  although  there  is  no  doubt  that  the  great  btilk  of  such  trans- 
fer profits  was  ascertained  and  eliminated;  moreover,  from  the 
nature  of  the  transactions  and  the  character  of  the  records  kept,  no 
system  of  distributing  such  profits  can  be  exact.     (See  note,  p.  479.) 

The  elimination  of  the  actual  antecedent  transfer  profits  does  not 
give,  of  course,  an  ideal  or  perfect  integration  cost,  even  for  the 
lai^  companies,  because  all  th6  lai^e  companies  included  were  not 
completely  or  equally  integrated.  The  Steel  Corporation  was,  of 
course,  integrated  very  thoroughly  with  respect  to  all  stages  of  pro- 
duction and  manufacture;  but  several  of  the  other  large  Companies 
were  not  so  fully  int^rated,  often  being  obliged  to  purchase  a  part 
of  their  materials  of  production.  Hence,  the  average  result  for  the 
revised  costs,  which  exclude  transfer  profits,  is  somewhat  higher  than 
it  would  be  had  the  integration  been  absolutely  complete. 

Finally,  the  caution  should  be  reiterated  that  when  these  net  costs 
are  considered  it  is  absolutely  necessary  to  have  regard  to  the  fact  that 
whatever  margin  of  profit  may  be  found  between  them  and  the  prices 
of  the  respective  products,  this  mai^;in  of  profit  must  be  compared 
with  a  la]^er  investment — i.  e.,  furnish  the  return  to  investment  not 
only  on  the  immediate  stage  of  production,  but  also  on  all  anterior 
stages  comprehended,  back  to  and  including  the  production  of  the 
raw  materials. 
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1902-1906. 

Section  1.  Oe&eral  oliaracter  of  transportation  proflta. 

The  profits  which  were  eliminated  from  the  costs  of  raw  materials 
and  finished  products  in  the  foregoing  sections  related  entirely  to 
transfer  profits  on  materials  which  were  included  in  such  costs.  It 
was  made  clear,  however,  that  in  addition  to  these  transfer  profits 
there  were  transportation  profits  earned  by  some  concerns  which  also 
had  an  important  relation  to  the  net  costs  of  such  producte.  These 
transportation  profits  relate  to  three  classes  of  agencies,  namely, 
raihoads,  Lake  vessels,  and  docks  for  the  transshipment  of  ore. 

While  each  of  these  classes  of  transportation  facilities  was  possessed 
by  some  of  the  companies  whose  costs  have  been  averaged,  the  only 
company  for  which  they  were  of  any  great  importance  was  the  Steel 
Corporation.  For  the  Steel  Corporation  these  transportation  f^en- 
cies  were  not  only  of  extraordinary  importance,  but  they  also  yielded 
a  very  lai^e  profit  to  the  Corporation  in  connection  with  ore  traffic. 
As  has  been  shown  in  Fart  I  of  this  re[>ort,  already  published,  the 
Steel  Corporation  owns  two  railroads  operating  in  the  Lake  ore  mining 
districts,  which  are  of  unusual  importance  for  this  traffic,  namely, 
the  Duluth  &  Iron  Range  Railroad,  operating  in  both  the  Mesabi  and 
Vermilion  Ranges,  with  a  monopoly  of  the  ore  transportation  in  the 
Vermilion  Range,  and  the  Duluth,  Missabe  &  Northern  Railway, 
operating  in  the  Mesabi  Range  only.  It  also  owns  the  largest  fleet 
of  ore-carrying  vessels  on  the  Great  Lakes,  which  is  operated  under 
the  name  of  the  Pittsburgh  Steamship  Co.  At  lower  Lake  ports  it 
owns,  besides  several  important  docks  serving  plants  located  on  the 
Great  Lakes,  other  docks  for  transshipping  ore  destined  for  points 
beyond,  and  in  particular  the  Pittsburgh  &  Conneaut  Dock  Co.  This 
dock  is  operated  in  connection  with  the  Bessemer  &  Lake  Erie  Rail- 
road, which  is  owned  also  by  the  Steel  Corporation,  and  furnishes  it 
with  the  means  of  transporting  its  ore  from  lower  Lake  ports  to  the 
Pittsburgh  district.  At  its  terminal  in  the  Pittsburgh  district  the 
Bessemer  &  Lake  Erie  Railroad  connects  with  a  belt  line  known  aa  the 
Union  Railroad,  another  subsidiary  of  the  Steel  Corporation,  which 
serves  various  plants  of  the  Steel  Corporation  in  that  district. 

The  Steel  Corporation  has  other  important  railway  properties 
used  for  the  transportation  of  ore,  particularly  in  the  Chic^o  district, 
where  two  of  its  railways,  namely,  the  Elgin,  Joliet  &  Eastern,  and 
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the  CMcago,  Lake  Sboi'e  &  Eastern  (leased  by  the  Elgin,  Joliet  & 
Eastern),  connect  its  ore  docks  with  all  of  its  plants  in  that  locality. 

By  means  of  these  various  transportation  facilities  of  its  own  the 
Steel  Corporation  is  enabled  to  carry  the  great  bulk  of  its  ore  from 
the  mines  to  the  manufacturing  plants  where  it  is  consumed.  In 
the  Tnining  region  only  a  small  part  of  its  ore,  namely,  that  portion  ■ 
mined  on  the  Old  Ranges  in  Michigan  and  Wisconsin,  in  1902  to 
1906  was  necessarily  transported  by  other  railrcrads.  On  the  Great 
Lakes,  howcTer,  the  Steel  Corporation  shipped  a  considerable  part  of 
its  total  ore— rather  more  than  one-third — by  independent  Lake  car- 
riers. Moreover,  inasmuch  as  south  of  the  Great  Lakes  a  number  of 
its  furnaces  can  not  be  reached  by  its  own  railways,  it  is  obhged  Up 
transport  a  considerable  part  of  its  ore  shipments  on  other  railway 
lines. 

Certain  of  these  transportation  agencies,  particularly  the  two  ore 
roads  in  the  ore-mining  region,  the  Lake  ore  vessels,  the  ore  docks, 
and  the  Bessemer  &  Lake  Erie  Railroad,  are  primarily  carriers  of 
ore.  The  ore  tonnage  of  the  Union  Railroad  is  also  very  heavy. 
For  the  other  carriers  mentioned,  however,  the  transportation  of  ore 
is  of  secondary  importance.  Consequently,  it  is  not  practicable  to 
determine  with  a  satisfactory  degree  of  accuracy  the  profits  obtained 
from  the  carriage  of  ore  except  for  those  agencies  which  have  just 
been  mentioned. 

Section  2.  Uethod  of  determinintf  transportation  profits  on  ore  from 
gross  receipts  thereon. 

Where  railroads  or  other  carriers  handle  several  commodities,  it  is, 
of  course,  quite  evident  that  there  is  generally  no  possibility  of  deter- 
mining with  absolute  exactness  the  amount  of  profit  from  each.  A 
large  part  of  the  costs  of  the  business  can  not  be  allocated  to  partic- 
ular kinds  of  traffic,  and  consequently  their  particular  profits  can  not 
be  determined.  Inasmuch  as  the  ore  traffic  was  the  chief  business 
of  these  ore  carriers,  the  Bureau  regarded  it  as  reasonable  to  allot  to 
the  OTe  traffic  the  same  proportion  of  the  total  net  operating  profile 
as  the  gross  receipts  from  the  ore  traffic  bore  to  the  gross  receipts 
from  all  sources.  It  is  certain  that  this  does  not  tend  to  magnify 
the  profit  attributable  to  ore. 

Indeed,  this  method  of  computation  probably  underestimates  the 
net  profit  from  ore  traffic— first,  because  the  rat«s  on  ore  were 
unusually  high,  and  second,  because  the  direct  coat  of  handling  that 
traffic  was  relatively  low.  That  the  ore  rates  were  high  is  evidenced 
by  the  fact  that  on  the  Steel  Corporation's  railroads  in  the  ore  region 
they  averaged  about  1  cent  per  ton  per  mile  during  this  period.' 

>  TIUM  TBla  ware  reduced  In  the  liitler  port  of  IBll.    (See  p.  33i.) 
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On  some  of  its  other  railroads  they  were  also  relatively  high,  though 
not  in  the  same  degree.  That  the  direct  costs  of  conducting  the  ore 
traffic  were  low  ia  plain  when  it  is  considered  that  this  commodity  is 
generally  handled  in  trainloads.  This  was  especially  true  of  the  Steel 
Corporation  raih-oads  above  the  Lakes;  the  ratio  of  operating  expenses 
to  earnings  for  1902  to  1906  averaged  36.70  for  the  Duluth  &  Iron 
Range  Railroad,  and  37.41  for  the  Duluth,  Missahe  &  Northern 
Railway.  These  are  extraordinarily  low  ratios;  the  average  ratio 
for  the  railroads  of  the  United  States  for  this  period  was  about 
66.50. 

The  same  principle  applied  in  the  case  of  the  Pittsburgh  Steam- 
ship Co.  It  was  also  undoubtedly  true  of  the  Bessemer  &  Lake 
Erie  Railroad.  In  the  case  of  the  Union  Railroad  it  is  possible 
that  the  ore  profits  were  relatively  no  greater,  or  possibly  not  as 
great,  as  for  the  other  traffic  on  that  road,  which  is  consitleruble ; 
but  taking  the  carriers  south  of  the  Lakes  together  there  can  be  no 
doubt  that  t^e  total  net  profits  here  assigned  the  ore  do  not  over- 
state the  facts. 

The  data  for  estimating  these  profits  on  the  basis  indicated  for  the 
calendar  years  1302  to  1906,  inclusive,  were  furnished  by  the  Steel 
Corporation. 

SectioR  3.  Estimated  net  profltt  <tf  Steel  C<aporatioB  on  transportation 
of  ore. 
The  table  following  shows,  by  years,  the  ore  carried,  the  gross 
receipts  from  aU  sources,  the  gross  receipts  from  ore  alone,  and 
the  net  operating  profit  from  all  sources,  as  reported  to  the  Bureau 
by  the  Steel  Corporation.  As  already  explained,  the  Bureau's  esti- 
mate of  the  net  profit  from  ore  is  computed  on  the  assumption  that 
it  bore  the  same  ratio  to  the  total  net  operating  profits  as  the 
gross  receipts  from  ore  bore  to  the  gross  receipts  from  all  sources. 
From  this  the  profit  per  ton  of  ore  carried  was  derived,  and  then  the 
amount  of  profit  for  outside  ore  alone  was  computed  therefrom. 
The  balance  of  the  profit,  of  course,  was  from  the  carriage  of  the 
Steel  Corporation's  own  ore. 
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The  preceding  table  shows  the  advantages  derived  by  the  Steel 
Corporation  as  a  result  of  its  ownership  of  transportation  agen- 
cies engaged  in  the  carriage  of  ore,  for  the  period  1902  to  1906. 
Although  there  was  more  or  less  variation  in  the  profit  for  each 
individual  carrier  from  year  to  year,  discussion  of  the  table  by  years 
is  not  necesiftiy.  There  was  no  correlation  in  the  variations  as  be- 
tween the  different  carriers,  except  in  the  case  of  the  two  railroads 
south  of  the  Lakes,  which  showed  ahnost  identical  changes. 

The  total  profits  ol  the  St«el  Corporation  from  the  transportation 
of  ore,  in  so  far  as  they  can  be  estimated,  are  shown  separately  on 
ore  shipments  of  outsiders  and  ore  shipments  of  the  Steel  Corporation 
itself.  It  is  a  fair  question  whether  in  estimating  the  net  result  to 
the  Steel  Corporation  in  respect  to  its  position  as  a  producer  of  ore 
and  manufacturer  of  iron  and  steel  products,  the  full  amount  of  this 
profit,  and  not  simply  the  portion  due  to  the  Steel  Corporation's  own 
ore,  should  not  be  deducted  from  the  cost  of  its  ore.  Looking  at  the 
problem  from  a  broad  standpoint  rather  than  a  cost-accounting  stand- 
point, the  Bureau  is  inclined  to  the  opinion  that  this  would  be  a 
reasonable  and  proper  method  for  determining  the  full  and  complete 
net  results  to  the  Steel  Corporation.  However,  from  a  strict  cost- 
accounting  point  of  view,  in  order  to  determine  the  cost  of  ore  at 
lower  Lake  ports  or  other  points,  it  is  quite  proper  to  limit  the 
profits  to  be  taken  into  consideration  to  those  which  are  earned  by 
the  Steel  Corporation  on  the  carriage  of  its  own  ore.  This  is  the 
practice  of  the  Steel  Corporation  in  determining  its  own  integration 
costs  (see  p.  376),  and  after  discussion  of  the  matter  with  representa- 
tives of  the  Steel  Corporation  the  Bureau  has  accepted  it  for  the  pur- 
pose of  the  present  computation.  Hence,  from  the  total  amount  of 
profit  on  the  transportation  of  ore  it  is  necessary  to  exclude  that  part 
of  the  profit  which  was  earned  on  the  carriage  of  outside  ore,  as  shown 
in  the  foregoing  table. 

The  real  significance  of  the  preceding  table  is,  therefore,  that  it 
shows  the  total  profit  of  the  Steel  Corporation  on  the  transportation 
of  its  own  ore  with  respect  to  the  net  cost  of  ore  and  this  can  be 
best  shown  by  comparing  it  with  the  total  deUveries  of  the  Steel 
Corporation's  ore  at  lower  Lake  ports,  during  this  same  period,  1902 
to  1906.  This  is  done  in  the  table  following  for  the  Steel  Corporation 
transportation  agencies  from  mines  to  lower  Lake  ports  only,  by 
years. 
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T»B»  llG.-^HIPt(EtITe  OF  ORE  BY  STKKL  COBPOHATION  FftOM  MININO  EEOIONS 
TO  LOVER  LAKE  PORTS  WITH  TOTAL  ESTIMATED  NET  PBOFITB  OF  ITS  TRANS- 
PORTATION AQENCIES  ON  ITS  OWN  ORE,  BY  YEARS,  190a-l»06. 
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The  above  table  shows  little  change  in  the  transportation  profit  per 
ton  from  year  to  year,  except  in  1906,  when  it  was  S0.47  per  ton,  or 
f0.04  per  ton  higher  than  in  the  previous  year  and  $0.06  per  ton 
higher  than  the  lowest  year  of  the  period.  The  total  profit  for  the 
five-year  period  1902  to  1906  was  $33,280,090.80,  or  $0.43  per  ton 
of  ore  shipped  to  lower  Lake  ports.  This  amount  per  ton  shows 
practically  what  may  be  deducted  from  the  average  cost  of  ore  of 
the  Steel  Corporation  at  lower  Lake  ports. 

The  profits  of  the  other  transportation  agencies  noted  in  Table 
114  (p.  326)  are,  so  far  as  the  Bureau's  infonnation  goes,  earned 
entirely  on  the  transportation  or  handling  of  the  Steel  Corporation's 
own  ore.  For  the  period  1902  to  1906  the  Corporation's  ore  profits 
from  its  own  ore  due  to  its  ore  docks  and  railroads  below  the  Lakes 
(see  Table  114}  amounted  to  $14,051,619.47,  or  $0.18  per  ton  of  ore 
delivered  at  lower  Lake  ports.  This  makes  the  aggregate  profit  of 
the  Steel  Corporation  on  its  own  ore,  1902  to  1906,  $47,331,710.27, 
or  $0.61  per  ton.  This  average  of  $0.61  per  ton  is  the  deduction  to 
be  made  from  the  cost  of  ore  at  the  blast  furnaces  in  order  to  deter- 
mine the  total  effect  of  transportation  profits  on  the  cost  of  the 
Corporation's  ore  used  in  making  pig  iron.  It  should  be  noted  that 
this  average  profit  is  that  on  the  ore  of  the  Steel  Corporation  alone, 
and  should  not,  of  course,  be  applied  to  the  averse  ore  costs  for  the 
large  companies  given  on  page  280. 

These  profits,  as  already  stated,  are  figured  against  the  total  deliv- 
eries at  lower  Lake  ports  as  a  convenient  common  denominator. 
These  deliveries  were  nearly  the  same  as  the  furnace  consumption. 
Of  course,  the  actual  profit  on  transportation  for  a  given  lot  of  ore 
would  vary  between  one  specific  shipment  as  compared  with  another 
according  to  its  origin  and  destination.  On  the  other  hand,  it  would 
make  no  difference  what  the  quality  of  the  ore  was.  The  fairest  way 
to  show  the  total  effect  of  such  profits  is  in  the  form  stated  above. 
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Section  4.  Effect  of  this  transportation  profit  on  oosts  of  iron  and  steel 
prodncts. 
This  Ifti^e  profit  of  the  Steel  Corporation  on  the  transportation  of 
its  own  ore  is  an  exceedingly  important  factor  in  its  net  cost  of  manu- 
facture for  iron  and  steel  products,  owing  to  the  circumstance  that 
about  2  tons  of  Lake  ore,  on  the  averse,  including  both  Besse- 
mer and  non-Bessemer  ores,  were,  during  this  peiiod,  required  to 
produce  1  ton  of  pig  iron.  This  ore  transportation  profit  assumes 
increased  importance  in  the  costs  of  pig  iron,  and  still  further  import- 
ance in  the  costs  of  steel  products,  oving  to  the  fact  that  in  each 
successive  stf^e  there  is  some  further  loss  of  material.  It  is  not  in- 
tended, however,  at  this  place  to  take  up  the  relation  of  this  profit 
to  the  cost  of  the  iron  and  steel  products  of  the  Steel  Corporation  for 
this  period  (1902  to  1906).  In  Chapters  XIV  to  XVIII  the  "inte- 
gration" costs  of  the  Corporation  for  the  year  1910^that  is,  the 
costs  after  deducting  both  the  inteimediatc  transfer  profits  and 
the  Corporation's  profit  on  the  transportation  of  its  ore — are  shown 
according  to  its  own  records. 
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CHAPTER  XI. 

COMPABISOV  OF  1902-1906  COSTS  WITH  FXESEVT  COSTS. 
Section  1.  Introdnctoiy. 

The  average  costs  for  1902  to  1906,  as  already  stated  (seep.  4),  were 
too  elaborate  to  be  brought  down  to  date.  Furthermore,  it  was  rea- 
sonably certaio  that  an  average  for  such  a  recent  five-year  period 
would  be  representative  of  present  conditions.  There  have  been 
no  important  changes  since  then  in  the  fundamental  conditions 
of  the  industry,  such  as  the  character  of  ore  and  fuel  used,  and  no 
very  marked  changes  in  the  operating  conditions,  such  as  wages  of 
labor,  transportation  charges,  or  technical  methods.  In  fact,  in  so 
far  as  changes  have  occurred  in  operating  conditions,  It  is  likely  that 
they  would  to  a  considerable  extent  oSset  each  other.  Thus,  an' 
increase  in  wages  would  be  partly  offset  by  increased  volume  of  output 
and  a  greater  application  of  labor-saving  devices. 

The  Bureau  did  not  leave  the  determination  of  this  question  to 
general  arguments,  however,  but  obtained  considerable  infonnation 
from  various  companies  concerning  the  actual  changes  in  cost  in  the 
principal  branches  of  production  and  manufacture. 

The  primary  question  to  be  determined  was  whether  there  had 
been  any  increase  in  the  cost  of  producing  the  raw  materials,  and  if 
this  was  so,  whether  such  increase  in  cost  had  been  offset  by  any  added 
economy  in  converting  them  into  iron  and  steel.  The  examination 
of  this  subject,  therefore,  is  divided  into  two  parts— (1)  the  cost  of 
production  of  ore  and  coke  and  limestone  and  (2)  the  costs  above 
material  in  making  pig  iron,  ateel,  and  some  of  the  chief  rolled 
products. 

The  costs  for  1902  to  1906  axe  compared,  therefore,  with  those  for 
the  year  1910.  Certain  comparisons,  particularly  for  ore  and  coke, 
combine  the  years  1907  to  1910  to  show  more  clearly  the  general 
average  conditions  in  recent  years  as  compared  with  1902  to  1906. 
Consideration  is  also  given  to  the  effect  of  the  reduction  of  transpor- 
tation rates  on  ore  which  became  generally  operative  since  1911. 

Section  2.  Comparison  of  the  costs  of  raw  materials. 

The  costs  of  ore  and  coke  are,  of  course,  fundamental  for  the  pro- 
duction of  pig  iron,  steel,  and  steel  products.  Limestone  forms 
auch  a  comparatively  small  item  of  cost  and  is  so  abundant  in  all 
regions  that  changes  in  respect  thereto  are  insignificant.  The  item 
of  limestone  in  pig-iron  costs  can  be  conveniently  covered  by  a  simple 
comparison  of  what  the  pig-iron  cost  sheets  themselves  show. 
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Okb. — The  Bureau  obtained  the  book  costa  of  Lake  ore  at  lower 
Lake  porta  for  all  the  mines  of  the  Steel  Corporation  for  the  whole 
period  1902  to  1910,  inclusive,  and  also  the  costs  of  two  other  impor- 
tant interests  mining  Lake  ore  for  the  period  1902  to  1909,  inclusive. 
As  the  tonnage  of  these  two  latter  companies  formed,  however,  but  a 
small  proportion  of  the  total,  the  lack  of  them  for  the  year  1910  does 
not  have  any  material  effect  on  the  average  coat  for  the  period  1907   i 
to  1910.     There  is  little  doubt  that  if  they  were  included  the  average 
cost  would  tend  to  be  a  little  lower  rather  than  higher.    This  is  evi-  j 
dent  from  the  following  facts,  namely,  that  the  average  for  these  two    I 
concerns  in  1909  was  t2.61  per  ton  as  against  $2.63  per  ton  for  the 
Steel  Corporation,  while  the  latter  showed  a  sudden  increase  to  $2M    j 
per  ton  in  1910,  due  in  part  to  the  Hill  royalties,  which  are  discussed    j 
below  (see  p.  333).     This,  of  course,  would  not  have  affected  the  costa    j 
of  the  other  companies.     Moreover,  its  effect  on  the  average  for  all    ' 
the  companies  for  the  four  yeara  1907  to  1910  was,  of  course,  smaD.    | 

The  following  table  shows  the  average  book  cost  of  ore  for  all  three 
companies  at  lower  Lake  ports  in  substantially  the  same  form  as  that 
already  used,  divided  into  two  groups  of  yeara,  namely,  1902  to  1906, 
incliMive,  and  1907  to  1910,  incluaive: 

TlBLB  U8.— COMFAKISON  OF  AVERAGE  BOOK  COST  PER  0R08S  TON  OF  LAKE  ORB 
AT  LOWER  LAKE  PORTS  FOR  1902-lKW,  INCLUSIVE,  WITH  llW-ieiO,  INCLUSIVE,  FOB 
THE  STEEL  COKFORATION  AND  TWO  OTHER  LABOE  COHPANIB8. 


lUm. 

Mns). 

■Sr 

lUm. 

19tB-l»6 

1907-1»10> 

to.  43 

.13 

.26 

10.39 
.30 

.13 
.X 

lo.ro 

.7* 

Str^jfncandaaTtlop- 

.0» 

3.H 

l.ak8t™W 

2.58 

CoBtstniin* 

1.05 

l.OS 

J.™ 

■  F«  1910  InoludM  tba  costs  ol  Out  Sleel  CocporetiDD  onljr. 

In  the  first  place,  it  should  be  noted  that  these  costs  cover  a  very 
lai^e  quantity  of  ore,  namely,  88,082,551  tons  for  the  five  years  1902 
to  1906  (an  average  quantity  of  17,616,510  tons  per  annum),  and 
88,833,156  tons  for  the  four  years  1907  to  1910  (an  average  quantity 
of  22,208,289  tons  per  annum).  For  the  two  periods  stated  they 
cover  60.8  per  cent  and  56.3  per  cent,  respectively,  of  the  total  tonnage 
mined  on  the  Lake  Superior  ranges. 

The  total  cost  at  lower  Lake  ports,  as  shown  by  the  combined  cost 
sheets,  for  the  period  1902  to  1906  was  12.58,  while  for  the  period 
1907  to  1910  it  was  $2.70  per  ton,  showing  an  increase  of  $0.12  per  ton 
of  ore.  The  direct  labor  expense  in  mining  showed  a  decrease  from  an 
average  of  $0.43  per  ton  for  the  period  1902  to  1906  to  $0.35  for  the 
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period  1907  to  1910,  a  reduction  of  $0.08  per  ton.  This  wa3  undoubt 
edly  due  to  two  causes — (1)  a  greater  proportion  of  the  production  in 
the  second  period  was  from  the  Mesabi  Range,  where  the  labor  costs  of 
mining  were  generally  lower,  and  (2)  there  were  more  open-pit  mines 
worked  in  the  second  period  than  in  the  fu^t,  for  which  mine  labor 
avert^ed  less  per  ton.  The  lower  labor  coats  were  offset  by  increased 
chargesforstripping,which,  inpart,  was  the  cause  of  such  lower  costs. 
This  item,  so  far  as  ascertainable,  is  therefore  shown  separately, 
although  it  might  be  treated  as  a  part  of  depreciation  for  improvements. 
Strippii^  operatiQus,  however,  are  sometimes  chained  in  the  direct 
mining  coste  of  labor,  supplies,  etc.,  about  70  per  cent  of  the  cost 
being  for  labor.  These  operations,  by  enabling  the  extraction  of 
ore  from  open  pits  instead  of  through  shafts,  etc.,  reduce  the  direct 
operating  expenses.  The  stripping  cost  increased  from  an  average  of 
$0.03  per  ton  for  the  period  1902  to  1906  to  $0.11  per  ton  for  the 
period  1907  to  1910,  an  increase  of  $0.08  per  ton.  This  was  exactly 
offset  by  the  decrease  in  labor  cost,  noted  above,  of  $0.08  per  ton. 
The  increase  in  strippii^  is  unduly  exa^erated  in  this  comparison, 
however,  because  in  the  first  years  covered  by  those  comparbons, 
especially  1902,  1903,  and  1904,  none  of  the  mines  showed  the  costs 
for  this  item  separately,  though  they  were  then  relatively  small. 

The  item  of  depreciation  is  to  some  degree  arbitrary  in  amount. 
It  averaged  $0.13  per  ton  for  both  periods. 

The  average  royalty  for  the  period  1902  to  1906  was  $0,25  per  ton, 
as  against  $0.29  for  the  period  1907  to  1910,  showing  an  increase  of 
J0.04  per  ton.  This  increase  in  average  royalty  was  partly  due  to 
the  inclusion  of  the  abnormally  high  royalties  paid  by  the  Steel  Cor- 
poration on  the  "Hill  lease,"  which  have  been  discussed  in  some 
detail  in  Part  I  of  this  report.  Inasmuch  as  the  Steel  Corporation 
has,  since  Part  I  of  thb  report  of  the  Bureau  was  publbhed,  given 
notice  of  the  cancellation  of  this  lease  (to  take  effect  Jan.  1,  1915), 
these  abnormally  high  royalties  will  not  form  a  permanent  and 
increasing  burden  on  the  ore  industry  of  the  Lake  region  after  that 
date.  Indeed,  they  should  not  be  regarded  as  a  normal  increase  in 
the  cost  of  producing  ore  even  at  the  present  time,  inasmuch  as  the 
purpose  of  this  lease,  in  the  opinion  of  the  Bureau,  was  to-  monopo- 
lize the  ore  reserves  of  the  Lake  region.  The  quantitative  effect  of 
these  Hill  royalties  is  partly  indicated  in  the  average  royalty  cost  of 
the  Steel  Corporation  in  1910.  {See  p.  382.)  If  the  Hill  royalties 
and  the  tonn^e  of  ore  mined  from  the  Hill  leases  were  eliminated 
from  the  Stoel  Corporation's  royalty  cost  in  1910,  the  average  royalty 
for  that  company  would  have  been  only  $0.28  per  ton,  instead  of 
W.34,  a  difference  of  $0.06  per  ton. 

The  averse  cost  at  mine  for  the  period  1902  to  1906  was  $1.05 
per  ton,  and  for  the  period  1907  to  1910  it  was  $1.08,  an  increase  of 
$0.03  per  ton, 
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Tbe  cost  of  transporting  ore  by  rail  from  the  mines  to  upper  Lake 
ports  averaged  J0.70  per  ton  for  the  period  1902  to  1&06  and  $0.74 
for  the  period  1907  to  1910,  an  increase  of  J0.04  per  ton.  This  was 
not  due,  however,  to  any  change  in  freight  rates,  but  to  the  fact  that 
in  the  second  period  a  greater  proportion  of  the  total  tonnage  was 
mined  from  the  Mesabi  Range,  which  had  a  higher  freight  rate  than 
the  Michigan  ranges. 

For  Lake  freights,  on  the  other  hand,  there  was  a  sl^ht  decrease 
in  cost,  the  average  for  1902  to  1906  being  $0.74  per  ton,  as  against 
$0.72  for  1907  to  1910,  showing  a  decline  of  $0.02  per  ton.  Lake 
rates,  unlike  rail  rates,  were  changed  from  year  to  year.  In  spite 
of  the  greater  proportion  of  ore  shipped  from  the  Mesabi  Range 
(which  has  a  relatively  high  Lake  rate),  the  general  decline  in  Lake 
rates  resulted  in  a  small  decline  in  the  average  Lake  rate. 

Taken  together,  the  rail  and  Lake  rates  for  1907  to  1910  showed  t, 
sli^t  increase,  namely,  $0.02  per  ton  higher  than  for  1902  to  1906. 

The  cost  at  lower  Lake  ports,  exclusive  of  general  administrative 
charges  and  taxes,  averaged  $2.49  for  the  period  1902  to  1906,  as  com- 
pared with  $2.64  per  ton  for  1907  to  1910,  an  increase  of  $0.05  per  ton. 

There  was  a  marked  increase  in  the  general  charges  for  adminis- 
tration, depreciation,  and  taxes,  namely,  from  an  average  of  $0.09  per 
ton  in  the  first  period  as  compared  with  $0.16  in  the  second  period, 
showing  a  difference  of  $0.07  per  ton.  The  greater  part  of  tiiis  in-  ' 
crease  was  due  to  increases  in  the  taxes  on  ore  companies.  While 
the  Bureau  does  not  commit  itself  to  the  propriety  of  charging  prop- 
erty taxes  into  the  costs  of  production,  it  has  included  them  in  all  the 
foregoing  statements  of  cost  of  production,  according  to  the  prac- 
tice of  these  companies. 

The  total  book  cost  at  lower  Ijake  ports  thus  arrived  at  averaged, 
as  stated  above,  $2.58  for  the  period  1902  to  1906  and  $2.70  for  the 
period  1907  to  1910,  an  increase  of  $0.12  per  ton. 

These  costs  are  all  "book  costs,"  i.  e.,  there  has  not  been  any  deduc- 
tion of  transportation  profits  on  ore  of  the  Steel  Corporation  or  of 
the  other  companies  whose  costs  are  combined  in  this  average.  If 
these  had  been  eliminated,  there  is  no  question  that  the  integrated 
cost  so  arrived  at  would  have  been  lower  for  the  period  1907  to  1910 
than  for  the  period  1902  to  1906.  This  would  be  so,  because  (1)  a 
greater  proportion  of  Mesabi  ore  was  produced  in  the  period  1907  to 
1910  than  in  the  prior  period,  upon  the  shipments  of  which  the 
Steel  Corporation's  transportation  profits  chiefiy  accrue,  and  (2)  the 
profits  per  ton  of  ore  on  the  Steel  Corporation's  two  railroads  in  Uie 
ore  region  were  considerably  higher  in  the  period  1907  to  1910  than 
in  the  prior  period,  as  is  plainly  indicated  by  a  marked  decrease  in  the 
average  ratio  of  operating  expense  to  gross  receipts  for  these  roads. 

Another  fact  of  great  importance  in  considering  the  present  costs 
of  Lake  ore,  as  well  as  the  probable  costs  for  the  next  few  years,  as 
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distinguished  from  the  comparison  for  the  two  periods  covered  by  the 
foregoing  table,  is  found  in  the  recent  change  made  in  the  rail  rates  on 
ore  from  the  Mesabi  and  Vermilion  Ranges.  During  the  latter  paH 
of  1911  (and  since  the  publication  of  Part  I  of  the  Bureau's  report) 
the  Steel  Corporation  announced  reductions  in  the  rail  rates  for  the 
Mesabi  and  Vflrmilion  Ranges  as  follows:  The  Mesabi  rate  was  reduced 
from  S0.aO  per  gross  ton  to  S0.60  per  gross  ton,  and  the  several  Ver- 
milion rates  of  $0.90  and  $1  per  gross  ton  were  reduced  to  a  flat  rate 
of  $0.60  per  gross  ton.  Just  what  effect  these  reductions  will  hare  on 
the  cost  of  ore  at  lower  Lake  ports  depends,  of  course,  on  the  particular 
tonnages  shipped  from  ea^ h  range.  For  the  mines  the  costs  of  which 
aro  comprised  in  the  foregoing  table  {Table  1 16)  the  reduction  in  aver- 
age freight  ratewould.be  about  $0.17  per  ton,  and  this  would  result  in 
areduction  in  the  average  cost  at  lower  Lake  ports  of  an  equal  amount 
per  ton.  Taking  the  average  book  costs  of  tlie  period  1907  to  1910 
as  a  basis,  the  cost  of  ore  at  lower  Lake  ports  would  be  reduced 
thereby  from  $2.70  per  ton  to  $2.53,  and  this  ore  cost  would  be  $0.05 
per  ton  lower  than  the  average  cost  for  the  period  1902  to  1906, 
namely,  $2.58  per  ton. 

Looking  merely  at  the  book  cost  of  Lake  ore  for  the  years  1907  to 
1910  as  compared  with  that  for  1902  to  1906,  there  would  appear, 
therefore,  to  be  an  increase  of  about  $0.12  per  ton.  Considering, 
however,  the  lower  ore  rates  now  prevailing,  it  is  clear  that  the  costs 
of  ore  in  1912  were  lower  than  those  in  the  period  1902  to  1906. 

Coke.— For  all  practical  purposes  the  question  whether  there  has 
been  an  incresise  since  1902  to  1906  in  the  cost  of  coke  used  in  making 
pig  iron  is  determined  by  a  comparison  of  the  costs  for  Connellsville 
beehive  coke.  The  data  on  this  point  available  to  the  Bureau  consist 
(1)  of  average  costs  for  the  Steel  Corporation's  Connellsville  coke  for 
the  periods  1902  to  1906  and  1907  to  1910,  and  (2)  of  average  costs  of 
Connellsville  coke  for  two  important  independent  companies  for  the 
periods  1902  to  1906  and  1907  to  1909.  The  latter  may  be  con- 
veniently taken  op  first. 

The  costs  for  these  two  independent  companies  can  not  be  shown 
by  items  because  in  one  case  the  cost  was  figured  on  the  cost  of  coal 
at  the  ovens,  and  in  the  other  case  was  a  cost  which  included  on 
item  of  freight  to  ovens  in  the  cost  of  coal.  The  significant  figures, 
however,  are  those  for  the  total  cost  of  the  coke,  which  for  the  two 
companies  combined  were  as  follows: 
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From  this  compariBon  it  appears  that  there  was  a  small  increase 
in  the  cost  of  Connellsville  beehive  coke,  namely,  $0.04  per  net  ton. 
While  the  production  was  considerable,  it  was,  of  course,  only  a  smaU 
part  of  the  total,  and  can  not  be  regarded  as  conclusive  as  to  tlic 
change  in  averse  cost. 

The  second  compariaon  presented  is  that  of  the  average  cost  for 
the  total  production  of  the  H.  C.  Frick  Coke  Co.  for  1902  to  1906, 
inclusive,  with  the  average  coat  for  1907  to  1910  inclusive.  This  is 
shown  in  the  following  table: 


■ 
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Total 
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According  to  the  foregoing  table,  there  was  a  marked  increase  in 
the  cost  of  producing  coke  in  the  four-year  period  1907  to  1910  as 
compared  with  the  average  of  the  five  years  1902  to  1906,  inclusive, 
namely,  $0.17  per  net  ton. 

In  view  of  the  importance  of  the  Frick  company  and  the  immense 
tonnage  it  produces,  the  Bureau  is  disposed  to  disregard  the  preced- 
ing comparison  for  the  two  independent  companies  whose  costs 
showed  a  much  smaller  increase  and  to  accept  the  above  statement 
for  the  purposes  of  the  present  comparison. 

Limestone.— The  Bureau  did  not  attempt  to  ascertain  the  direct 
costs  of  production  of  limestone  because  this  cost  was  a  small  item 
per  ton  of  pig  iron  and  the  conditions  of  the  industry  were  such  that 
it  did  not  seem  necessary.  For  the  purpose  of  determining  whether 
there  has  been  any  important  change  in  the  cost  of  the  raw  material, 
the  pig-iron  cost  sheets  afford  sufficiently  conclusive  evidence. 

For  such  a  comparison  it  is  preferable,  of  couree,  to  compare  pig- 
iron  costs  which  do  not  show  any  considerable  change  in  the  quantity 
of  ore  and  coke  used  per  ton  of  pig  iron.  A  good  basis  for  this  is 
found  in  the  limestone  costs  for  Bessemer  pig  iron  at  three  large 
furnace  plants  of  the  Steel  Corporation  for  the  five-year  period  190:i 
to  1906  and  for  the  year  1910.  These  are  shown  in  Table  118  (see 
p.  338}  in  connection  with  the  costs  of  pig  iron.  The  costs  and  quaa- 
tities  used  per  ton  of  pig  iron  produced  were  as  follows: 
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The  limestoDe  costa  were  identical  per  ton  of  pig  iron  for  the  five- 
year  period  and  for  the  year  1910.  Furthermore,  there  waa  sub- 
stantially no  change  in  the  quantity  required  per  ton  of  pig  iron. 

It  may  be  concluded,  therefore,  that  neither  the  cost  of  produc- 
tion of  limestone  itself  nor  the  cost  of  limestone  used  in  the  produo 
tion  of  Bessemer  pig  iron  has  changed  in  any  significant  degree. 

In  the  case  of  basic  pig  iron,  however,  it  may  be  that  there  haa  been 
a  slight  increase  in  limestone  costs  per  ton  of  pig  iron  made,  due  to 
lower  average  iron  content  of  ores  used,  but  the  available  data  do 
not  furnish  any  reliable  evidence  on  this  point. 

Section  8.  Costs  above  material  for  pi^  iron,  Bswemer  ingots,  and 
heavy  Bessemer  rails. 

In  the  preceding  section  the  costs  of  the  raw  mat^als  for  the 
period  1902  to  1906  have  been  compared  with  the  costs  for  subsequent 
years,  and  it  has  been  shown  that  there  was  a  small  increase  in  the 
actual  costs  of  raw  materials  used  in  making  pig  iron.  Furthermore, 
it  was  shown  that  in  1912  the  book  cost  of  the  most  important  raw 
material  was  probably  less  rather  than  greater. 

The  next  question  to  be  determined  is  whether  the  costs  other 
than  materials,  or,  as  they  are  usually  called,  costs  above  material, 
in  the  manufacture  of  pig  iron,  steel,  and  rolled  products  have 
increased  or  decreased.  Obviously,  no  further  attention  need  be 
paid  to  the  raw  materials  when  once  the  general  changes  in  the  costa 
thereof  have  been  ascertained  and  their  cumulative  effect  in  subse- 
quent stages  of  production  computed. 

Pig  iron. — The  general  position  of  the  iron  and  steel  industry  of 
any  country  or  district  with  respect  to  the  coat  of  production  is  prac- 
tically determined  by  its  cost  of  pig  iron.  This  assumes,  of  course, 
that  the  manufactures  of  steel  are  developed  on  a  large  scale,  and 
that  the  market  for  products  is  broad  enough  to  enable  a  large 
tonnage  to  be  produced,  and  so  to  justify  modern  equipment  and 
methods. 

It  has  already  been  shown  (see  p.  331)  that  the  cost  of  pig  iron  is 
chiefly  a  question  of  the  cost  of  the  raw  materials,  ore,  coke,  and  lime- 
stone, which  costs  for  1902  to  1906  have  already  been  compared  with 
the  costa  of  subsequent  years. 

The  coats  above  material,  however,  are  of  considerable  importance 
for  this  comparison,  and  these  will  now  be  considored. 
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For  the  comparison  of  these  costs  the  principal  data  relied  on  by 
the  Bul-eau  are  the  average  book  costs  of  Bessemer  pig  iron  for 
three  important  plants  of  the  Steel  Corporation  for  die  five-year 
period  1902  to  1906  and  for  the  year  1910.  These  are  shown  in 
ihe  following  table : 
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■  This  does  not  include  any  allowance  tor  additional  cost  sbovn  on  profit  and  loss  acconnts.  (S»  pp. 
20-21.) 

These  three  furnace  plants  together  produced  13,051,404  tons  of 
pig  iron  in  the  five-year  period  1902  to  1906,  or  an  average  of  2,610,281 
tons  per  annum,  and  they  produced  2,668,230  tons  in  1910.  Two  of 
them  are  among  the  very  best  of  the  Steel  Corporation's  furnace 
plants,  while  the  third  is  probably  of  somewhat  less  efficient  character. 

While  the  chief  items  of  furnace  f  n^t  arc  shown  in  thb  table,  it  should 
be  distinctly  understood  that  thi  co  iparison  which  should  now  b« 
made  is  simply  that  for  costs  above  material,  disregarding  the  "book 
costs"  of  the  raw  materials.  The  reason  for  this  ia  evident,  namely, 
that  the  book  costs  of  the  ore  (net  metallic  mixture)  and  coke  are  not 
net  costs  (i.  e.,  they  are  costs  based  on  transfer  prices,  which  include 
profits  paid  to  the  Steel  Corporation's  ore  and  coke  companies),  and 
hence  the  differences  between  them  do  not  even  tend  to  show  s 
difference  in  real  net  cost. 

Consideration  is  given,  therefore,  simply  to  the  items  of  labor 
cost  and  "other  operating"  costs.  It  appears  from  the  table  that 
for  these  furnace  plants  the  average  cost  for  labor  was  $0.67  per 
ton  of  Bessemer  pig  iron  for  the  five-year  period  1902  to  1906  and 
$0.48  for  the  year  1910,  a  decline  of  $0.19  per  ton.  This  marked 
reduction  in  cost  was  probably  due  to  a  more  eflfective  application  of 
labor-saving  methods.  The  other  operating  costs  averaged  $0.73 
per  ton  of  pig  iron  for  the  five-year  period  and  $0.43  for  the  year  1910, 
a  decline  of  $0.30  per  ton.  The  chief  cause  for  this  decline  was  the 
more  extensive  utilization  of  a  by-product  of  the  furnace,  namely, 
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blast-fumace  gas,  which,  bo  far  as  used  in  eteel  works,  rollh^  mills, 
and  other  producing  departmeitta  of  the  same  plant,  is,  of  course, 
credited  to  the  blast-fumace  plant.  It  is  true  that  such  deduction 
for  costs  of  making  pig  iron  were  not  as  carefully  kept  in  the  five- 
year  period  1902  to  1906  as  in  the  year  1910,  so  that  the  real  gain  in 
this  respect  was  less  than  the  cost  sheets  indicate.  On  the  other 
hand,  the  costs  above  material  for  making  pig  iron  mto  steel  and 
for  rolling  steel  must  have  been  understated  in  the  five-year  period 
in  a  corresponding  degree.  As  will  be  shown  later,  such  costs  have 
in  fact  shown  a  slight  increase  for  certain  products,  which  are  com- 
pared, and  this  increase  may  be  partly  explained  by  this  difference 
in  the  methods  of  cost  accounting.  However,  if  full  credit  is  to  be 
given  for  the  increase  in  the  latter  costs,  full  credit  should  also  be 
given  for  the  decrease  in  pig-iron  costs.  Hence,  it  is  proper  to  com- 
pare these  costs  as  they  are  shown  in  the  cost  sheets  themselves. 
The  total  reduction  in  the  "other  operating"  costs  at  the  blast 
furnaces  was  not  due  solely  to  this  particular  credit  item  for  gas,  but 
was  also  due  in  part  to  other  improvements  in  furnace  operation. 

The  total  cost  above  material  of  Bessemer  pig  iron  for  these 
furnaces,  therefore,  averaged  $1.40  per  ton  for  the  five-year  period 
1902  to  1906,  as  compared  with  10.91  for  1910,  showing  a  dechne 
of  no  less  than  $0.49  per  ton. 

In  converting  the  chief  raw  materiab  (ore  and  coke)  into  pig  iron, 
there  were  certain  changes  involved  in  the  cost  of  these  raw  materiats 
independent  of  the  cost  of  producing  them.  These  arose  from  dif- 
ferences in  the  average  quality  used,  such  as  iron  content,  or  from 
differences  in  the  skill  used  in  combining  them  (furnace  practice). 

The  quantity  of  net  metallic  mixture  required  to  produce  a  ton  of 
Bessemer  pig  iron  averaged  1.84  gross  tone  for  the  five-year  period 
1902  to  1906  and  1.82  gross  tons  in  1910.'  Chiefly  in  consequence  of 
this,  perhaps,  the  quantity  of  coke  required  per  ton  of  p^  iron  pro- 
duced declined  also;  it  averaged  1.13  net  tons  for  the  five-year 
period  1902  to  1906  and  1.11  net  tons  for  1910. 

Assuming  now  the  average  increase  in  the  cost  of  Lake  ore  for  all 
companies  comprised  in  Table  ll6  for  the  four-year  period  1907  to 
1910,  as  compared  with  the  five-year  period  1902  to  1906,  as  a  basis, 
namely,  $0.12  per  gross  ton,  it  is  evident  that  inasmuch  as  1.82 
gross  tons  of  ore  were  required  per  ton  of  Bessemer  pig  iron  in  1910 
(as  just  shown  above),  the  increase  in  the  cost  of  this  ore  per  ton 
of  pig  iron  may  be  roughly  computed  at  1.82  times  $0.12,  or  $0.22 
per  ton. 

If,  instead  of  these  ore  costs  for  al!  these  companies,  the  average  ore 
costs  of  the  Steel  Corporation  alone  be  taken  for  the  same  periods  as 

98  thus  Showed  a  slight  ImproTBinont  In  iron  ylBld  utA 
>wii  (oraUBcasemerturaecesorttieBlaelCorporBllDt]. 
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for  the  pig-iron  costs,  namely,  S2.58  pOT  ton  for  the  five-year  period 
1902  to  1906  and  $2.88  for  the  year  1910,  the  difference  would  be 
$0.30  per  ton,  and  the  increase  in  ore  coBte  for  these  furnaces,  com- 
puted in  the  same  manner,  would  be  $0.55  per  ton  of  pig  iron.  The 
average  costs  of  ore  for  this  one  year  are  hardly  as  representative  of 
the  general  conditions  as  those  for  the  average  for  the  four-year 
period  used  in  the  first  ease. 

In  the  same  way,  assuming  the  averse  increase  in  the  cost  of 
ConnellsviUe  coke  for  the  Steel  Corporation  for  the  four-year  period 
1907  to  1910,  as  compared  with  the  five-year  period  1902  to  1906  (see 
Table  117),  as  a  basis,  namely,  $0.17  per  net  ton,  the  increase  in  the 
cost  of  coke  in  Bessemer  pig  may  be  computed  from  the  average 
quantity  required.  This,  as  shown  above,  was  1.11  net  tons,  which, 
multipfied  by  the  increase  in  cost  per  net  ton,  gives  $0.19  per'ton  of 
pig  iron. 

If,  instead  of  these  coke  costs  for  the  period  1907  to  1910,  the  cost 
for  the  year  1910  alone  be  taken,  the  increase  over  the  five-year 
period  1902  to  1906  would  be  $0.23  per  ton,  and  the  increase  in  the 
cost  of  coke  in  Bessemer  pig  iron,  computed  in  the  same  maimer, 
gives  $0.26  per  ton  of  pig  iron. 

The  costs  of  limestone,  as  stated  above  (see  p.  336),  may  be  taken 
at  the  same  figures  as  shown  on  the  cost  sheets  (see  Table  118),  which 
showed  no  change  for  Bessemer  pig  iron  as  between  the  five-year 
period  1902  to  1906  and  the  year  1910. 

Hence,  to  determine  whether  there  has  been  any  increase  in  the  net 
costs  of  producing  Bessemer  pig  iron  the  increases  in  the  costs  of  ore 
and  coke  may  be  compared  with  the  decreases  in  the  costs  above 
material.     The  results  are  shown  as  follows: 


Total,  i 
Cost  above  material,  decrease 

Het  decrease  (per  ton  of  pig  iron)-  ■ 


If,  however,  the  increase  in  ore  Aists  in  1910  were  taken  at  $0.55 
per  ton  instead  of  $0.22,  and  the  increase  in  coke  costs  in  1910  were 
taken  at  $0.26  per  ton  instead  of  $0.19,  as  shown  above,  there  would 
have  been  a  net  increase  of  $0.32  per  ton  of  pig  iron. 

As  already  stated,  however,  the  Bureau  regards  the  first  result, 
namely,  a  decrease  in  cost  of  $0.08  per  ton  of  Bessemer  pig  iron,  as 
more  correctly  representative  of  recent  conditions. 

When,  moreover,  conditions  in  1912  are  considered,  there  is  no 
doubt  that  the  costs  of  Lake  ore  were  lower  rather  than  higher,  for 
the  reasons  already  given  in  detail  (see  p.  336),  namely,  lower  ore 
rates  on  the  railroads  serving  the  Mesabi  and  Vermilion  Ranges.  Hie 
present  cost  of  ore  being  lower,  there  is  no  question  that  the  present 
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cost  of  making  pig  iron  is  somewhat  lower  than  in  the  period  1902 
to  1906.' 

Bess&meb  INGOTS. — The  coat  of  Bessemer  steel  manufacture  is  just 
the  same  for  Bessemer  billet  ingots  and  for  Bessemer  rail  ingots 
except  for  the  extra  cost  of  manganese.  This  is  true  at  least  if  the 
same  works  are  operated  in  the  same  way,  with  respect  to  the  use  of 
direct  metal.  The  difference  in  cost  of  manganese  is  of  no  conse- 
quence in  this  case,  because  only  costs  above  material  are  especially 
under  consideration.' 

Bessemer  lUlet  ingots. — While  much  more  Bessemer  billet  steel 
is  produced  by  the  St«el  Corporation  than  Bessemer  rail  steel,  the 
available  data  for  comparison  are  in  this  case  the  costs  for  one 
plant  only,  namely,  the  average  works  costs  as  shown  by  the  books 
for  the  five-year  period  1902  to  1906  and  for  the  year  1910. 
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As  stated  above  (see  p.  338),  no  attention  need  be  paid  in  this  com- 
parison to  t^e  cost  of  pig  iron  and  scrap  (including  manganese), 
because  the  comparison  to  be  made  is  simply  between  the  "cost 
above  material." 

This  cost  above  material  is  summarized  in  the  items  of  labor,  fuel, 
and  other  operating.  The  average  labor  cost  for  the  five-year  period 
was  $0,62  per  ton  of  ingots  as  compared  with  $0.64  for  1910,  a  reduc- 
tion of  $0.08  per  ton.  The  fuel  cost  showed  an  even  greater  reduction, 
namely,  from  $0.33  to  $0.18,  or  $0.15  per  ton  of  ingoti. 

This  large  reduction  in  fuel  cost  was  evidently  due  to  a  great  change 
in  economy  of  production  obtained  by  using  much  larger  propor- 
tions of  molten  pig  iron  direct  from  the  blast  furnaces.  There 
was  no  change  in  the  "other  operating"  costs,  which  averaged 
$0.65  per  ton  of  billet  ingots  for  each  period.     Comparing  the  cost 

I  WbUa  tbe  Bnreau  huj  nrtaln  other  compsnitlve  data  vhlch  tbren  same  light  on  the  changea  In  cost 
above  material  at  pig  Iron,  none  ol  tbem  was  aatlslactorj,  either  on  account  of  greatly  varflng  tonnagej 
or  miitun  of  haaic  and  Beasemei  pig  iron. 

'  The  BTRitable  evtdenoa  ion  not  ahow  nay  Incmae  in  the  average  ant  of  manganeae  Ibr  the-plants  of 
the  Bleel  Cotpontian. 
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above  material,  that  for  1902  to  1906  averted  $1,60  per  ton  of 
ingots  and  that  for  1910  only  $1.37,  a  reduction  of  $0.23  per  ton. 

In  the  foregomg  compariBon  of  the  changes  in  the  cost  of  making 
Bessemer  pig  iron  for  these  same  two  periods  (see  p.  340)  the  general 
conclusion  was  that  there  was  probably  a  small  decrease — $0.08  per 
ton — but,  if  the  average  ore  and  coke  costs  of  the  Steel  Corporation 
for  the  year  1910  alone  were  taken,  there  would  be  an  increase  of 
$0.32  per  ton. 

In  making  the  Bessemer  billet  ingots  in  1910  comprised  in  the 
above  table  the  net  quantity  of  pig  iron  and  scrap  used  was  1.08  tons 
per  ton  of  product.  Hence,  according  as  the  cost  of  Bessemer  pig 
iron  is  assumed  to  have  decreased  in  1910  as  compared  with  the 
five-year  period  (1902-1906)  by  $0.08  per  ton  or  increased  by 
$0.32  per  ton,  the  net  change  in  cost  on  this  account  would  be  $0.09 
decrease  or  $0.35  increase  per  ton  of  ingots,  respectively. 

Allowing  next  for  the  indicated  reduction  in  cost  above  material 
shown  above,  namely,  $0.23  per  ton,  the  total  change  in  the  cost  of 
making  Bessemer  billet  ingots  for  these  two  periods  might  be  com- 
puted to  be  either  a  decrease  of  $0.32  per  ton  or  an  increase  of  $0.12 
per  ton. 

These  computations  refer,  of  course,  only  to  the  change  in  cost 
between  this  five-year  period  and  the  year  1910.  Taking  into 
account  the  present  position  of  the  industry,  i.  e.,  the  lower  cost  of 
ore  at  lower  Lake  ports  on  account  of  reductions  in  ore  rates,  there  is 
no  doubt  that  the  cost  of  making  Bessemer  billet  ingots  is  distinctly 
lower  than  in  1910  and  also  somewhat  lower  than  lor  the  five-year 
period  1902  to  1906. 

Bessemer  rail  ingots. — For  the  comparison  of  the  costs  of  Bes- 
semer rail  ingots  the  following  table  gives  the  book  costs  at  two  of 
the  largest  Bessemer  rail  plants  of  the  Steel  Corporation  for  the  five- 
year  period  1902  to  1906  and  the  year  1910: 
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As  already  explained  (see  p.  338),  the  cost  of  the  pig  iron  and 
scrap  (including  manganese)  is  of  little  interest  in  the  present  com- 
parisqn,  which  is  directed  simply  at  the  cost  above  material. 

This  cost  is  sununarized  in  items  of  labor,  fuel,  and  other  operating. 
The  average  labor  cost  for  the  five-year  period  1902  to  1906  was  $0.49 
per  ton  of  ingots  produced  as  against  S0.52  for  the  year  1910,  an 
increase  of  $0,03  per  ton.  There  was  no  difference  in  the  average 
cost  of  fuel.  For  the  various  other  operating  expenses  the  average 
cost  in  the  five-year  period  waa  $0.47  per  ton,  as  compared  with 
10.56  in  1910,  an  increase  of  $0.09  per  ton.  The  total  cost  above 
material  was  $1.06  for  the  five-year  period  1902  to  1906  and  $1.18 
for  1910.     The  total  increaae  in  this  cost,  therefore,  was  $0,12  per  ton. 

With  this  slight  increaae  in  the  cost  above  material  of  Bessemer 
rail  ingots  should  be  considered  the  change  in  the  net  cost  of  making 
Bessemer  pig  iron,  which  has  ah-eady  been  discussed.  The  general 
conclusion  arrived  at  there  was  that  for  the  two  periods  here  com- 
pared there  was  probably  a  decrease  in  the  cost  of  Bessemer  pig 
iron  ($0.08  per  ton),  although  taking  the  Steel  Corporation's  average 
ore  and  coke  costs  for  the  year  1910  as  a  basis,  an  increase  of  $0.32 
might  be  figured. 

For  the  particular  Bessemer  ingots  here  under  consideration  the 
net  quantity  ol  pig  iron  and  scrap  required  to  produce  a  ton  of  ingots 
was  1.06  tons  in  1910.  According  as  the  changes  in  pig-iron  costs 
are  taken  as  $0.08  decrease  or  $0.32  increaae,  the  change  on  account  of 
this  item  would  be  $0.08  decrease  or  $0.34  increase  per  ton  of  ingots. 

Adding  to  these  last  two  results  the  increaae  in  cost  above  mate- 
rial of  these  ingots,  namely,  $0.12  per  ton,  would  give  the  total 
change  in  cost  of  production  as  $0.04  per  ton  increase  or  $0.46  per 
ton  increaae,  respectively. 

These  computations  relate,  of  course,  simply  to  the  above  compari- 
son, which  is  between  the  five-year  period  1902  to  1906  and  the  year 
1910.  As  already  stated  (see  p.  340),  however,  the  1912  net  cost 
of  production  of  pig  iron  is  undoubtedly  distinctly  lower  than 
ia  1910.  Hence,  there  is  no  doubt  that  the  cost  of  producing 
Bessemer  rail  ingots  is  somewhat  lower  now  than  for  the  five-year 
period  1902  to  1906. 

Heavy  Bessemeb  rails. — The  most  important  single  finished  prod- 
uct of  the  rolling  mill  is  rails.  The  cost  of  rolling  them  (as  distin- 
guished from  the  material  used)  does  not  depend,  of  course,  upon 
the  quality  of  the  steel,  but  (volume  of  tonnage  being  the  same)  upon 
the  weight  per  unit  of  length  and  the  section.  The  most  important 
kind  of  rail  is  the  heavy  standard  or  T  rail,  used  for  steam  railways. 

A  comparison  of  the  book  cost  of  heavy  Bessemer  rails  at  two  of 
the  largest  rail  plants  of  the  Steel  Corporation  for  the  five-year  period 
1902  to  1906  with  the  year  1910  is  shown  in  the  table  following. 
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As  has  been  explained  (see  p.  338),  no  attention  ia  paid  here  to 
the  book  cost  of  the  ingots  used,  inasmuch  as  the  question  is  simply 
one  of  differences  in  cost  above  material. 

This  cost  is  shown  in  the  items  of  labor,  fuel,  and  other  operating 
costs.  The  average  labor  cost  for  the  five-year  period  1902  to 
1906  was  $1.01  per  ton  of  rails,  as  compared  with  $1.14  for  1910,  an 
increase  of  $0.18  per  ton.  The  cost  of  fuel  showed  an  increase  from 
$0.10  for  the  five-year  period  to  $0.17  for  the  year  1910,  or  $0.07 
per  ton.  Other  operating  costs  increased  also,  namely,  from 
$0.94  for  the  five-year  period  to  $1.06  for  the  year  1910,  or  $0.12 
per  ton.  The  total  cost  above  material  increased,  therefore,  from 
$2.05  per  ton  to  $2.37,  an  increase  of  $0.32  per  ton  of  rails. 

This  higher  cost  above  material  for  rails  is  partly  due,  at  least, 
to  the  fact  that  more  care  is  taken  in  making  them  in  accordance 
with  the  recent  changes  in  contract  specifications  for  rails,  involving 
slower  "breaking  down"  of  the  ingot  in  the  blooming  mill,  increased 
cropping  of  the  blooms,  and  increased  care  in  finbhing  and  inspect- 
ing. The  increase  in  cost  for  these  reasons  corresponds  to  an 
improvement  in  quality,  and,  if  it  could  be  accurately  determined, 
might  fairly  be  taken  account  of  in  the  increase  in  cost  above 
material. 

Considering  now  the  net  cost  of  the  raw  material,  reference  is 
made  to  the  statements  regarding  the  change  in  cost  of  rail  ingots  in 
1910  as  compared  with  the  five-year  period  1902  to  1906  (see  p.  343), 
namely,  an  increase  of  $0,04  per  ton  or  of  $0.46  per  ton,  according  to 
the  average  ore  and  coke  costs  used  (see  pp.  332  and  336). 

The  net  quantity  of  ingots  used  for  the  rail  plants  here  under  con- 
sideration was  1.02  tons  per  ton  of  rails  produced.  Applying  this 
factor  to  the  increases,  respectively,  mentioned  above,  the  increases 
for  computed  cost  of  material  in  rails  are,  respectively,  $0.04  and 
$0.47. 
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Combining  these  results  with  the  increase  in  cost  above  material 
shown  above,  namely,  SO. 32  per  ton,  gives  a  net  increase  in  each 
case,  namely,  $0.36  and  $0.79  per  ton  of  rails.  So  far  as  these  data 
are  typical,  therefore,  the  computation  of  net  cost  shows  a  compara- 
tively small  increase  in  the  cost  of  rails  in  1910  as  compared  with 
the  five-year  period  1902  to  1906. 

A3  has  been  noted  {see  p.  338),  however,  there  is  no  doubt  that 
the  cost  of  ore  at  the  present  day  is  distinctly  lower  than  in  1910, 
and  hence  the  costs  of  pig  iron,  Bessemer  steel,  and  rails  are 
probably  somewhat  lower  also  than  they  were  in  the  five-year 
period  1902  to  1906. 

Other  rolled  products. — If  the  net  cost  of  Bessemer  rails  is 
lower  to-day  than  in  the  five-year  period  1902  to  1906,  there  is  no 
doubt  that  the  same  is  true  of  billets  and  probably  abo  of  other 
heavy  rolled  products  made  from  Bessemer  steel.  As  for  the  lighter 
rolled  products,  the  Bureau  has  no  satisfactory  data,  but  if  there 
has  been  a  general  increase  in  costs  above  material  for  all  rolled 
products  it  is  quite  likely  that  for  some  of  them,  especially  those 
requiring  much  labor,  there  has  been  and  is  to-day  a  distinct  increase 
over  the  average  for  1902  to  1906.  For  some  of  the  lighter  rolled 
products  there  have  been  technical  improvements  and  labor-saving 
devices  of  sufficient  importance  to  counteract  any  tendency  to 
increase  which  may  have  existed  for  certain  items  of  conversion 
expense. 
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CHAPTER  XII. 

XOTEHENT  OF  VET  COSTS  OF  CHIEF  RAW  KATEBIAIS  AVD 
SELECTED  PBODTTCTS  OF  IBOH  ASD  STEEL,  1901  TO  1910. 

Section  1.  Introductory, 

For  the  purpose  of  showing  the  relative  movement  of  costs  by 
years,  it  is  desirable  to  present  additional  comparisons  covering  a 
longer  period  of  time  for  raw  materials  and  for  certain  products  at 
representative  plants.  The  products  selected  are  Ijake  ore,  Con- 
nellsviUe  beehive  coke,  Bessemer  pig  iron,  Bessemer  ingots,  both 
billet  and  rail,  large  Bessemer  billets,  and  heavy  Bessemer  rails. 
The  period  covered  is  the  ten-year  period  1901  to  1910.  Cost  sheets 
showing  average  costs,  by  years,  were  obtained  from  a  few  of  the 
larger  companies  for  these  selected  products. 

As  it  is  the  usual  practice  of  iron  and  steel  companies  to  include  a 
profit  in  transfers  of  ore  and  coke  from  their  producing  companies  to 
their  manufacturii^  companies,  and  sometimes  also  with  respect  to 
the  partly  manufactured  products  transferred  from  one  department 
to  another,  the  book  costs  would  afford  no  basis  for  determining  the 
relative  movement  of  costs.  For  this  reason  it  is  necessary  to  revise 
the  book  costs  in  order  to  get  them  on  a  net  cost  basis.  No  attempt, 
however,  is  made  to  eliminate  any  transportation  profit,  as  the 
ownership  of  transportation  facilities  is  a  highly  variable  factor  and 
in  the  case  of  rail  transportation  an  exceptional  one  (cf.  pp.  267-268). 

Method  op  kevisinq  book  costs. — In  the  case  of  pig  iron  the 
Bureau  has  put  these  costs  on  a  net  cost  basis  by  substituting  for  the 
book  cost  of  raw  materials  a  net  cost  based  upon  the  average  cost  of 
ore  at  lower  Lake  ports,  plus  freight  to  the  furnaces,  and  the  average 
cost  of  coke  at  ovens,  plus  freight  to  the  furnaces.  For  crude  steel 
and  subsequent  products,  the  net  costs  are  obtained  by  substituting 
the  net  cost  of  pig  iron,  or  respective  materials  as  ascertained  for  each 
preceding  step  in  manufacture,  for  the  book  cost  of  the  material  as 
given  on  the  cost  sheet. 

Substituting  the  net  cost  of  ore  deUvered  at  lower  Lake  ports,  plus 
the  freight  to  the  furnaces,  for  the  price  at  which  it  was  sold  or  trans- 
ferred to  the  blast  furnaces  gives  a  typical  net  cost  of  ore  in  the  pig 
iron,  although,  of  course,  not  the  real  net  cost  of  the  ore  at  those  par- 
ticular furnace  plants.  The  results,  however,  are  substantially  cor- 
rect for  the  determination  of  the  movement  of  costs  from  year  to 
year. 

The  same  method  was  employed  in  arriving  at  a  net  cost  of  coke. 
Tho  net  cost  of  coke  at  ovens,  plus  the  freight  to  the  fumacee,  was 
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substituted  for  the  price  at  which  it  was  transferred  to  the  blast 
furnaces,  thus  giving  a  net  cost  of  coke  in  the  pig  iron. 

The  book  cost  of  hmestone  was  assumed  to  be  the  net  cost  also,  as 
any  transfer  pn^t  induded  in  hmestone  would  be  too  small  to  be 
taken  into  consideration  in  a  computation  of  this  character. 

Thus  an  approximately  correct  net  cost  for  the  materials  going  into 
pig  iron  was  obtained.  To  this  cost  of  materials  was  added  the  cost 
above  material  as  shown  on  the  cost  sheets,  to  get  the  net  furnace 
cost  of  Beasfoner  pig  iron.  ■ 

In  obtaining  the  cost  of  ingots,  the  cost  of  Bessemer  pig  uron,  ascer- 
tained in  the  manner  described  above,  was  taken  in  place  of  the  price 
of  the  pig  iron  shown  on  the  cost  sheets  to  determine  the  coat  of  the  pig 
iron  used  per  ton  of  ingots.  This  same  method  was  applied  for  deter- 
mining the  costs  of  sul»equent  products,  namely,  biUets  and  rails.  The 
cost  of  the  material  per  ton  of  product  was  in  each  case  greater,  of 
course,  than  the  net  cost  of  production  of  such  material  per  ton,  because 
it  takes  more  than  1  ton  of  material  to  produce  1  ton  of  the  more  highly 
elaborated  product.  The  net  cost  of  material  per  ton  of  product  was 
computed  on  the  basis  of  the  ratio  between  the  book  price  and  book 
costappearing  on  the  cost  sheets.  In  each  case  the  per  cent  of  increase 
of  the  book  cost  per  ton  of  product  over  the  price  paid  was  computed 
and  this  per  cent  was  applied  to  the  net  cost  of  production  per  ton  of 
material  to  obtain  the  net  cost  per  ton  of  product.  This  net  coat 
of  material  was  then  substituted  for  the  book  cost  appearing  on 
the  cost  sheets.  As  in  the  case  of  pig  iron,  the  cost  above  material 
shown  on  the  cost  sheets  was  added  in  order  to  get  the  total  cost  in 
each  case.  Thus  a  net  works  or  mill  cost  for  ingots,  biUeta,  and  rails 
was  obtained. 

It  should  be  borne  in  mind  that  these  costs  of  manufactured  prod- 
ucts are  based  on  a  limited  number  of  typical  plants,  while  the  revised 
costs  for  1902  to  1906,  shown  in  Chapter  IX,  are  the  average  costs 
for  a  large  number  of  plants. 

Similar  data  were  also  obtained  for  the  year  1900,  but  they  have 
not  been  tabulated  in  the  following  comparisons,  because  in  that  year 
the  rate  on  Lake  transportation  of  ore  was  abnormally  high  ($1 .20)  as 
a  result  of  a  comer  in  Lake  transportation  facilities.  This  abnormally 
high  Lake  rate  increased  the  cost  of  ore  about  $0.47  per  ton  and  the 
costs  of  all  iron  and  steel  products  by  about  twice  that  amount.  Hence, 
as  a  comparison  betweoi  the  coats  in  1900  and  subsequent  years 
would  not  show  the  general  trend  of  the  movement  in  costs,  the 
coata  for  1900  are  excluded  from  the  tables. 

CHABACrBS    AMD   VALUE  OF    TBB     COST     STATEMENTS. Those   COSt 

statements  are  of  value  chiefly  for  comparative  purposes,  i.  e.,  to  show 
the  relative  movement  of  costs  from  year  to  year.  They  do  not  pur^ 
port  to  show  average  costs.  The  partitular  plants  for  which  the 
costs  of  pig  iron,  ii^ots,  billets,  and  r^ls  were  used  had,  possibly,  lower 
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costs  above  material  than  the  averfige  cost  above  material  for  the 
country  as  a  whole.  Nevertheless  they  may  be  fairly  taken  to  repre- 
sent the  relative  movement  of  CMt  above  material  for  the  industry 
as  a  whole.  Changes  in  the  rates  of  wages,  in  expenses  for  supplies, 
etc.,  which  affect  the  industry  as  a  whole,  would  be  reflected  in  their 
costs  also.  On  the  other  hand,  in  the  case  of  raw  materials  the  data  i 
have  a  broad  basis,  and  this  is  necessary  if  the  results  are  to  have  any 
value.  For  ore,  so  many  mines  are  included  in  the  cost  statement 
that  there  is  no  doubt  that  the  general  movement  in  the  cost  of  Lake 
ore  is  accurately  reflected,  and  indeed  the  ore  costs  used  are  probably 
very  near  the  average  for  all  the  mines  in  the  Lake  ore  region.  The 
same  is  true  of  the  cost  data  used  for  Connellsville  coke. 

Section  2.  Cost  of  lake  ore. 

AVBRAQB  COST  OF  BeSSGUER  AND  NON-BBSSBMER  ORE,  COMBINED. — 

In  the  case  of  ore  at  lower  Lake  ports  the  book  costs  are  considered 
net  costs,  as  they  do  not  include  any  intercompany  profits  except 
those  from  transportation  and  a  trifling  intercompany  royalty  profit, 
and  these  are  not  eliminated  in  this  comparison,  i 

The  cost  sheets  used  for  Lake  ore  covered  an  average  of  about  40 
mines  for  each  year.     In  most  cases  the  same  mines  are  included  for   | 
each  year  after  operations  once  began,  except  that  a  few  mines  were   j 
not  operated  in  some  years. 

The  following  table  shows  the  average  costs  of  producing  ore  from 
these  mines,  1901  to  1910: 
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The  cost  at  mine  of  Lake  ore  varied  from  S0.97  per  ton  in  1905  to 
S1.2I  per  ton  in  1910.  The  general  trend  of  cost  at  mine  was  upward 
for  the  first  part  of  the  period,  rising  from  $1.09  per  ton  in  1901  to 
SI. 14  per  ton  in  1903.  The  next  two  years  showed  a  decline  to  $0.97 
per  ton,  the  lowest  of  the  period,  as  a  result  of  the  depression  in  the 
iron  and  steel  industry.  The  principal  decrease  was  in  the  item  of 
labor,  due  in  part  to  a  cut  in  wages  in  1904.  A  gradual  increase  in 
cost  at  mine  then  began,  culminating  in  190S  with  &  cost  of  $1.06  per 
ton.  Although  there  was  a.  decline  in  1909  to  $1.01  per  ton,  the 
cost  at  mine  reached  the  highest  cost  of  the  period  in  19J0,  namely, 
$1.21  per  ton.  About  two-thirds  of  this  increase  of  $0.20  per  ton  in  a 
single  year  was  due  to  depreciation  and  stripping,  and  royalty,  the 
increase  for  these  items  being  $0.13  per  ton. 

During  the  earlier  years  of  the  period,  the  greater  part  of  the  pro- 
duction was  of  ore  produced  from  undei^round  mines  on  the  Old 
Ranges,  and  consequently  the  cost  of  labor  was  comparatively  high. 
With  the  increasing  proportion  of  production  from  the  Mesahi 
Rai^e,  where  a  large  part  of  the  mines  are  open-pit  mines  with  low 
costs  for  labor,  the  labor  cost  for  all  ore  mined  decreased.  The  cost 
of  labor  was  $0.50  per  ton  in  1901,  after  which  there  was  a  down- 
ward trend,  with  occasional  reactions  of  $0.01  per  ton,  to  1909,  when 
the  labor  cost  was  the  lowest  of  the  period,  namely,  $0.30  per  ton. 
The  year  1910  showed  an  increase  of  $0.05  per  ton. 

The  variations  in  the  items  of  supplies,  repairs,  and  expense  were  of 
little  significance. 

The  charge  for  depreciation  and  stripping  showed  an  almost  unin- 
terrupted increase  during  the  whole  period,  ranging  from  $0.14  per 
ton  in  1901  to  $0,31  per  ton  in  1910.  This  rapid  increase  was  due 
ciiiefly  to  the  great  increase  in  the  cost  of  stripping  per  ton  of  all  ore 
mined,  because  of  the  largely  increased  output  from  open-pit  mines 
during  the  latter  part  of  the  period  and  the  tendency  to  atrip  the 
overburden  to  greater  depths. 

The  royalty  charge  showed  little  variation  during  the  period  (with 
the  exception  of  1910),  ranging  from  $0.25  per  ton  in  1901  and  1902 
to  $0.29  per  ton  in  1907  and  $0.34  per  ton  in  1910.  This  exceptionally 
high  royalty  in  1910,  which  was  an  increase  of  $0.07  per  ton  over  the 
royalty  charge  in  1909,  was  due  to  the  large  tonnage  of  ore  mined 
under  the  "Hill"  lease.  The  royalty  charge  on  the  ore  mined  under 
this  lease  in  1910  averaged  $0.83  per  ton.     (See  p.  382.) 

Rail  freight  showed  an  almost  constant  though  moderate  increase 
during  the  ten-year  period  1901  to  1910,  ranging  from  $0.67  per  ton 
in  two  of  the  earlier  years  to  $0.74  per  ton  in  three  of  the  later  years, 
although  there  were  no  important  changes  in  freight  rates  during 
the  period.  This  increase  in  the  average  rate  was  due  to  the  increas- 
ing proportion  of  shipments  from  the  Mesabi  Range,  which  had  a 
comparatively  high  freight  rate.  ■ 
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Lftke  freight  showed  considerable  fluctuations  during  the  ten-yeai 
period,  because  the  Lake  freight  rates  vary  from  year  to  year.  They 
are  usually  based  on  annual  contracts  and  require  no  special  comment. 

General  charges,  consisting  of  administrative  expenses  and  taxes, 
showed  an  almost  uninterrupted  increase  from  S0.08  per  ton  in  1901  to 
$0.18  per  ton  in  1910  (only  1909  being  higher).  This  increase  was 
largely  due  to  increased  taxes. 

The  general  movement  of  cost  at  lower  Lake  ports  was  practically 
the  same  as  for  cost  at  mine,  ranging  from  $2.47  per  ton  in  1905  to 
$2.88  per  ton  in  1910. 

Similar  data  were  also  obtained  for  the  year  1900,  but  they  have  not 
been  shown  in  the  above  table  because  the  Lake  freight  rate  in  that 
yearwas  about  $0.47  per  ton  above  anormalcharge  (seep.  347).  It 
may  be  noted,  however,  that  while  the  cost  at  mine  was  $1.09  per 
ton,  the  same  as  in  1901,  the  cost  at  lower  Lake  ports  was  $3.04  per 
ton,  or  $0.47  per  ton  higher  than  in  the  following  year.  With  a  nor- 
mal Lake  rate  in  1900,  say  $0.73  per  ton  (this  being  the  rate  in  the 
following  year  and  also  the  -ten-year  average),  the  cost  at  lower 
Lake  ports  would  have  been  $2.57,  or  lower  than  for  the  majority  of 
years  shown  in  the  table. 

AvEaAGE  COSTS  OP  Bessemer  and  non-Bebsemer  ore.— A 
division  of  ore  costs  between  the  Bessemer  and  non-Bessemer  grades 
was  made  by  the  Bureau  in  order  to  arrive  at  a  net  cost  of  ore  to  be 
used  instead  of  the  cost  as  entered  on  the  pig-iron  cost  sheets.  As 
complete  information  in  regard  to  the  kinds  of  ore  was  not  available, 
this  division  was  made  on  the  basis  of  mine  analysis  showing  iron  con- 
tent and  per  cent  of  phosphorus  for  each  individual  mine,  for  about  40 
mines  for  each  year,  according  to  the  grade  of  pig  iron  (Bessemer  or 
non-Bessemer)  that  the  ore  would  produce.  A  weighted  average 
cost  was  then  computed  for  the  two  grades  of  ore  separately.  The 
results,  therefore,  are  approximate,  but  are  probably  correct  within 
a  few  cents  per  ton. 

The  following  table  shows  the  approximate  costs  of  Bessemer  and 
non-Bessemer  ore  from  1901  to  1910: 


Year. 

BBsemer 

NOQ-Basm- 

AUon. 

t2.S2 
3.«0 

IBl 
2.U 
S.S3 

10t 

1.SB 
2.«0 

181 

VLTl 
!.T1 
^02 

a.  SI 

XH 
2.U 
J.79 
1.W 
2.70 
2.8S 

1»02 

19"" 
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Aa  only  Bessemer  products  are  considered  in  the  discussion  of  net 
costs,  the  %urea  for  the  cost  of  Bessemer  ore  only  are  made  use 
of  in  revising  the  book  costs  of  iron  and  ateel  products  to  obtain 
the  net  costs. 

MaBOIN    between    quoted   base    PBIOE8   AND   ATERAOE    COSTS    OV 

0KB  AT  LOWEK  Laee  PORTS. — The  foregoing  statement  of  the  approxi- 
mate average  costs  of  Bessemer  and  non-Bessemer  ores  may  bo 
subdivided  into  Mesabi  and  Old  Range  ores  for  the  purpose  of  com- 
parison with  the  quoted  base  prices. 

The  following  table  shorn  the  quoted  base  prices  for  the  four 
chief  grades  of  ore  at  lower  Lake  ports,  the  average  cost  of  each 
grade  as  computed  by  the  Bureau,  and  the  margin  between  them 
from  1901  to  1910: 

TULI  124.— AVERAGE  QUOTED  BASE  PRICE,  APPBOXIKATE  AVEEAOE  COST,  AND 
UABGIN  OF  PBOFFT  PER  OROHB  TON  OF  LAKE  ORE,  AT  LOWER  LAKE  PORTS. 
BY  GRADES  AND  BT  TEABS,  UQl-mtL 


B«^«. 

No„.B«™«o™. 

OVLS^vx- 

M«U 

OMBwee. 

HenbL 

Yaar. 

p*».< 

E 

Quoted 

proit 

Qnaled 
bise 
prt»» 

■TBT- 

«8_ 

Uar- 

gto. 

prtn.- 

mate 
cost.i 

■in. 

WOl 

1904 

1907 

Z:::;::: 

W.4S 

4.4S 
4.M 
J.  13 

4.2S 
6.00 

S.00 

«2 

81 
08 

21 

(1 

68 
« 

32 
03 

W 
3S 
3S 
79 

12.88 

4.00 
188 

4.7S 

4.2S 
4.» 

(2.82 

2. 48 
2. 40 
2.3J 

2.42 
2.48 
2.K 
2.48 
2.83 

n 

u 

80 

n 

00 

80 
10 

30 

TO 

2S 

t2.n 

2.»8 
2.83 

2.81 
3.02 

to 

22 
04 

It 

88 
03 
4S 

88 
DO 

12.110 

3.20 
3.43 
8.<» 

3.60 
4.00 

3.60 
4.00 

12.  M 

2.80 

2.70 

2.  S3 

2.01 
2.7B 

'to 

OT 
30 
80 
80 

'  Amsee  quolad  base  price  ol  on  ^t  lower  Utke  ports  (raoi  Uu  r^orla  o(  tbe  Ameticui  Iron  and  8(Ml 
UsociatkHi. 
'  CompuMd  br  Bureau  ca  b*A  •(  on  Mudjili. 


The  quoted  base  prices  shown  in  the  foregoing  table  do  not  show  the 
actual  average  proceeds  per  ton  of  ore  for  the  respective  ranges  and 
grades.  Consequently  the  mai^^  between  theni  and  the  respective 
costs  ure  not  the  realized  profits  per  ton.  Generally  the  average  pro- 
ceeds per  ton  appear  to  have  been  less  than  the  quoted  base  prices, 
but  not  invaiiably.  The  results  depend  largely  on  the  differences 
between  the  grade  shipped  as  compared  with  the  base  or  standwd 
grade.  MoreovAr,  the  average  costs  of  ore  for  the  several  ranges  and 
grades  axe  only  approximate.  The  mai^ins,  therefore,  do  not  afford 
an  accurate  indication  of  average  profit  for  the  vanous  grades. 
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The  principal  value  of  the  above  table  is  that  it  shows  clearlj 
the  small  margin  on  non-Bessemer  ore  as  compared  with  Bessemer 
ore,  and  also  that  the  book  costa  of  ore  used  in  makb^  Bessemer 
pig  iron  include  very  large  profits.  Although  the  differences  between 
the  costs  at  lower  Lake  ports  of  Bessemer  and  non-Bessemer  ore  were 
comparatively  small,  there' were  much  greater  differences  between  the 
quoted  base  prices  of  the  two  grades.  Taking  the  same  ore  rai^e, 
the  cost  of  Bessemer  ore  was  lower  than  that  of  non-Bessemer  ore  in 
almost  every  year,  while  the  quoted  base  price  was  higher  in  every 
year,  consequently  the  margin  was  very  much  higher  on  Bessemer  ore 
than  on  non-Bessemer  ore.  The  cost  of  Mesabi  non-Bessemer  ore, 
however,  was  lower  than  Old  Range  Bessemer.  As  stated  above,  these 
divisions  of  cost  are  based  on  mine  analysis  and  are  therefore  only 
approximste. 

SectioB  3.  Cost  of  Connellsville  beehive  coke. 

The  costs  of  Connellsville  coke  which  are  considered  here  include 
the  costs  of  mining  the  coal. 

The  following  table  shows  the  average  costs  of  Connellsville  beehive 
coke  at  ovens  for  one  lai^e  company  for  the  ten-year  period,  1901 
to  1910: 


Item. 

,» 

.„ 

IMS 

1W4 

,«« 

tB08 

— 

1M7 

1908 

1909 

1910 

%. 

Labor 

10.93 

.13 

.01 

IO.IW 
.12 

ti.oe 

.25 

(0.99 

.15 

10.  M 
.IS 

"■^ 

ta.w 

.18 

10.97 

.211 
.18 

11.07 
,18 

llateilal>*nd>uppUea 

.28 

""""™ 

1.2J 

1.31 

'•" 

1.33 

L30 

1.33 

LSI 

1.47 

i.a 

1.SS 

1.39 

■  TonlU^  ot  coke  praduced  STeraged  g,B73,71B  net  tons  per  jeei,  nngliig  from  fl^ns^  tana  in  1W3  to 
II^^IS  toiu  In  isoe.  ToCal  sierage  cost  at  ovens,  by  yean,  lor  the  six  jeaa  prior  to  1901  waa  10.99  per 
Ion  In  1895;  H.IB  in  1895;  (1,04  In  1897;  |1  in  1898;  31.14  In  1899,  and  11.31  in  1900.  Tbe  aTcrage  tor  ttw 
dx-jear  period  vaa  11.12  per  ton. 

<  "Genstal  expense"  Is  a  net  amount,  i.  e.,  it  lnoltiil«a  sucti  eipenses  as  general  and  sdmtalitTatiTe  <a> 
n  nedits  tor  pioflli  Irom  tenements,  blaoksmlttalng,  bmu.  Mo. 


The  general  trend  of  costs  was  upward  during  the  whole  ten-year 
period,  1901  to  1910,  although  there  were  several  sharp  reactions. 
The  cost  varied  from  $1.23  per  ton  in  1901  and  1904  to  Sl.5^  per  ton 
in  1910.  There  was  considerable  variation  in  the  items  of  cost,  but 
the  significant  variati<His  were  in  the  item  of  labor.  Labor  coat 
ranged  from  $0.86  per  ton  in  1904  to  $1.07  per  ton  in  1910. 
From  1001  to  1003  it  rose  from  $0.92   to  $1.05  per  ton.    The 
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next  year  was  one  of  great  depression  in  the  iron  and  steel  industry, 
and  wtiges  were  sharply  cut,  partly  accounting  for  the  reduction  of 
labor  cost  to  S0.86  per  ton.  After  1904  it  ^ain  increased,  reaching 
$1:05  per  ton  in  1907.  The  panic  in  October,  1907,  resulted  in  a 
period  of  depression  which  was  reflected  in  the  costs  of  1908.  Labor 
cost  dropped,  due  to  a  decrease  in  wages,  touching, S0.97  per  ton 
in  1909.  With  increased  wages  it  rose  again  in  1910,  reachii^  the 
highest  cost  of  the  period,  S1.07  per  ton  in  that  year.  .  There  were 
decided  increases  in  the  items  of  materiala  and  supplies  and  de- 
preciation, which  includes  exhaustion. 

Section  4.  Coat  of  Bessemer  pig  iron. 

In  the  case  of  pig  iron  and  steel  products,  as  already  explained,  the 
book  costs  are  not  used  for  the  raw  materials,  but  only  for  the  cost 
above  material. 

Cost  above  hatekiai.. — The  following  table  shows  the  average 
cost  above  material  (including  surplus  gas  credit)  for  Bessemer  pig 
iron  at  three  laige  furnace  plants  for  the  ten-year  period,  1901  to  1910: 


■-,. 

.», 

.«» 

IVtt 

.«. 

»» 

IMS 

!«. 

.«, 

IWB 

WW 

to.  80 
.00 

.18 

lo.n 

».T4 
.32 

■0.M 

10.  «3 
.0« 

.13 

.38 

to.  82 
.08 

.20 

10.  S7 

.34 
.20 

to.  S3 

I0.« 
.20 

.m 

10. 4S 

.02 

.06 
.38 

.a 

.OS 

BDppllas  ud  expense 

}teUiii]ig.ndi«iewab 

.34 
.0* 

C<st  abore  mstarial 

i.r 

1.49 

l.» 

.... 

1.39 

I.M 

1.30 

1.10 

.02 

.30 

1.27 

1  lixtludtag  oredll  lor  surplus  gss. 

■Tonuige  ol  pig  Inm  piodnm]  ■vanfMl  2,538^10  gnat  toiu  ;ht  7»i,  ranglTii;  from  1,BK1,1(Q  tans  In 
ItOS  to  2,832.817  tons  In  1907. 
'Credit. 

While  the  cost  of  pig  iron  depends  very  laigely  on  the  cost  of 
assembling  the  raw  material,  the  cost  above  material  is  of  consid- 
erable importance.  Through  improvements  in  technique,  such  as 
labor-saving  devices  and  utiHzation  of  surplus  gas,  there  have  been 
considerable  reductions  in  cost.  The  principal  item  in  cost  above 
material  is  labor,  which  is  about  one-half  of  the  total. 

The  total  cost  above  material  (including  surphis  gas  credit)  was 
$1.47  per  ton  in  1901  and  f0.90  per  ton  in  1910,  ranging  from  f0.90 
per  ton  in  1910  to  $1.49  per  ton  in  1902  and  1903.  It  showed  an 
^most  uninterrupted  dechne  throughout  this  period. 


vX.oogIc 


364  THE  STEBL  INDV8TBT. 

This  decrease  was  largely  due  to  yariationB  in  the  coat  of  labor, 
idiich  ranged  from  S0.47  per  ton  in  1909  to  S0.80  per  ton  in  1901. 
From  $0.80  per  ton,  the  highest  of  the  period,  in  1901,  the  cost  of 
labor  steadily  declined  until  1909,  when  $0.47  per  ton,  the  lowest 
cost  of  the  period,  was  reached.  In  1910  it  was  $0.01  higher.  This 
steadily  declining  labor  cost  was  not  due  generally  to  lower  rates  of 
wages,  but  to  improved  practice  and  largra'  furnaces.  Special  men- 
tion should  be  made  also  of  the  creilit  for  surplus  gas,  which  first 
appeared  in  1909  uid  1910,  although  in  190S  it  was  apparently 
credited  to  steam.  This  item  represented  the  value  of  the  gas  pro- 
duced at  the  blast  furnaces,  but  used  in  other  departments  of  the 
plant,  a  credit  thereby  accruing  to  the  furnaces. 

Although  the  Bureau  is  unable,  on  the  basis  adopted,  to  make  a 
compariaon  of  total  costs  of  pig  iron  for  years  prior  to  1900  (while  as 
already  noted  exceptional  conditions  make  it  unsatisfactory  to  compare 
the  figure  of  total  cost  in  1900  with  other  years),  it  ia  of  interest  nev- 
ertheless to  show  the  figures  for  the  cost  above  material  for  the  period 
1895  to  1900,  as  well  as  for  the  period  1901  to  1910,  shown  above. 

The  coats  above  material  for  Bessemer  pig  iron  for  the  aame  plants, 
which  are  compared  above,  were  as  follows  from  1895  to  1900: 


1895.. 


.  $1.38 
.  1.41 
.     1.23 


1898.. 


.  $1.47 


Avenge.. 


The  cost  above  material  for  these  six  years  ranged  from  $1.23 
per  ton  in  1897  to  $1.65  per  ton  in  1900,  and  averaged  $1.40. 
These  costs  may  be  compared  with  similar  coste  for  1901  to  1910, 
g^en  in  Table  126,  which  ranged  from  $0.90  in  1910  to  $1.49  per  Ion 
in^  1902  and  1903,  and  averaged  $1.27  per  ton  for  the  whole  period. 
The  striking  fact  brought  out  by  this  comparison  is  that  the  costs 
above  material  for  Bessemer  pig  iron  were  much  lower  on  the  average 
for  the  ten-year  period  than  for  the  six-year  period.  No  conclusions 
as  to  changes  in  the  total  cost  of  Bessemer  pig  iron  can  be  drawn 
from  these  figures,  however,  as  data  are  not  available  for  the 
changes  in  the  costs  of  the  materials  used. 

Cost  ofbaw  material. — As  already  explained  (see  p.  346),  for  the 
book  costs  of  ore  and  coke  used  as  shown  on  the  pig-iron  cost  sheet, 
net  costs  are  to  be  substituted. 

The  method  of  determining  the  cost  of  the  net  metallic  mixture 
was  as  follows:  To  the  computed  cost  of  Bessemer  ore  at  lower  Lake 
ports  was  added  the  freight  to  the  furnaces  to  obtain  the  cost  of  ore 
per  ton  at  furnaces.  This  was  then  multiplied  by  the  nxunber  of 
tons  of  ore  required  per  ton  of  pig  iron  to  obtain  the  cost  per  ton  of 
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product.  To  this  computed  cost  of  ore  was  added  the  net  cost  of 
scrap  (price  of  scrap  used  less  price  of  scrap  recovered).  This  gave 
the  revised  cost  of  the  net  metallic  mixture.  This  computed  cost  of 
net  metallic  mixture  was  then  suhetituted  for  the  book  cost  appear- 
ing on  the  pig  inm  cost  sheet. 

A  similar  method  was  pursued  in  the  case  of  coke.  To  the  cost  of 
coke  at  ovens  was  added  the  freight  to  furnaces  to  obtain  a  net  cost 
of  coke  per  ton  at  furnaces.  This  was  then  multiplied  by  the  num- 
ber of  tons  of  coke  required  per  ton  of  pig  iron,  which  gives  the  cost 
per  ton  of  product.  This  computed  net  cost  of  coke  was  then  sub- 
stituted for  the  book  cost  appearing  on  the  pig  iron  cost  sheets. 

It  was  not  possible  to  compute  a  net  cost  for  limestone,  but  in  any 
case  it  would  not  differ  appreciably  from  the  book  cost. 

The  following  table  shows  the  book  cost  and  net  cost  of  net  metallic 
mixture  (ore),  coke,  limestone,  and  total  materials,  from  1901  to  1910: 

TiWJ  127.— AVERAOB  BOOK  COSTS  AND  TYPICAL  AVERAGE  NBT  COSTS  FEB  OROSS 
TON  OF  BESSEMER  FIO  IRON  FOR  NET  METALLIC  MIXTURE,  COKE,  AND  LIKE- 
BTONE,  BY  YEARS,  ISOl-lllO. 


Y«r. 

Net  mtum  Dkli. 
tun. 

Coke. 

Lime- 

Total  mateilala. 

eoM. 

Netoort. 

ooet. 

>.„^ 

con.' 

Book 

Set  cost. 

7.M 
7.W 

7.19 

9.01 

S.SI 
S.S7 
8.19 

13.17 
3.8S 

^.OO 
4.39 
4.N 
4.3S 

3-M 

Cll 
3.19 
3.0 

3.32 

S.i7 

tO-SG 

110.13 

19.« 
11.  IB 

It  08 

IX  IK 
13.11 

18.85 

48 

9.33 

IS.  09 

The  most  important  feature  of  the  above  table  is  the  slight  vari- 
ation in  net  costs  as  compared  with  the  very  wide  variation  in 
book  costs.  While  the  book  costs  of  net  metallic  mixture  ranged 
from  S6.80  per  ton  in  1901  to  $9.19  per  ton  in  1908,  a  difference  of 
12.39,  net  costs  varied  only  $0.80,  ranging  from  $5.39  per  ton  in 
1901  to  $6.19  per  ton  in  1910. 

The  net  costs  of  coke  also  showed  much  less  variation  than  the  book 
costs.  Whereas  the  book  costs  of  coke  ranged  from  $3.17  per  ton  in 
1901  to  $4.52  per  ton  in  1907,  a  difference  of  $1.35,  net  costs  varied 
only  $0.56,  ranging  from  $3.  U  per  ton  in  1901  to$3.67per  tonin  1907. 
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As  already  stated,  the  book  cost  of  limestone  has  been  considered 
a  net  cost  also  in  computing  the  net  cost  of  raw  materials  in  pig  iron.      | 

The  book  costs  of  the  three  raw  materials  combined  ranged  from  ' 
$10.32  per  ton  in  1901  to  S14  per  ton  in  1907,  a  difference  of  $3.6S, 
while  net  costs  varied  only  tl.2S,  ranging  from  S8.86  per  ton  in  1901 
to  $10.13  per  ton  in  1907. 

FuBNAOE  COST. — The  following  table  shows  the  net  costs  of  raw 
material  (net  metallic  mixture,  coke,  and  limestone,  combined),  cost 
above  material,  and  net  furnace  cost  of  Bessemer  pig  iron  from  1901 
to  1910: 


Yew. 

Netcostol 

Cost  above 
matBrfal.i 

Netfu™, 

9.09 
9.90 
9.21 
9.33 

10.  J3 
«.90 
S.M 

10.00 

BIT 

I 
1 

» 

10 
10 

ilDolmUngeteillt  let  mrplui  las. 
■  SidBalm  of  taj  aUowBim  tor  gai 
too.    (BMp.3».) 

The  above  table  shows  that  when  the  ore  and  coke  are  taken  on  a 
net  cost  basis  there  was  comparatively  little  variation  in  the  furnace 
costs  of  BeBsemer  pig  iron.  The  net  furnace  costs  ranged  from 
$10.32  per  ton  in  1901  to  $11.43  per  ton  in  1907,  showing  a  maxi- 
mum variation  of  $1.11  per  ton. 

Section  6.  Cost  of  Bessemer  billet  iogots. 

As  in  the  case  of  pig  iron  the  book  costs  are  not  used  for  the 
material,  but  only  for  the  cost  above  material. 

Cost  above  material. — The  table  following  shows  the  average 
cost  above  material  for  Bessemer  billet  ingots  at  one  large  steel 
plant  for  the  ten-year  period,  1901  to  1910. 
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.» 
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1.3S 
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■" 
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1.87 

1.S2 

The  total  cost  above  material  for  Bessemer  billet  ingota  showed  a 
marked  decline  during  this  period.  It  was  highest  in  1901,  after 
which  there  was  a  general  declining  tendency  until  the  close  of  the 
period.  It  was  $1.89  per  ton  in  1901  and  $1.37  per  ton  in  1910;  the 
lowest  cost  vas  in  1909,  namely,  S1.3I. 

The  decrease  in  the  cost  above  material  was  due  chiefly  to  reduo-' 
tions  in  the  cost  of  labor,  which  decreased  from  $0.77  per  ton  in  1901 
to  $0.50  per  ton  in  1908  and  1909;  it  was  $0.54  in  1910. 

The  other  items  of  cost  showed  considerable  variations  also,  par- 
ticulariy  the  item  of  fuel,  for  which  the  cost  ranged  from  $0.38  per 
ton  in  1903  to  S0.18  per  ton  in  1910.  This  was  due  partly  to  the 
use  of  a  larger  proportion  of  hot  metal  during  the  latter  part  of  the 
period  and  partly  to  improved  practice.  This  plant  used  considerable 
cold  metal  from  other  furnaces. 

As  already  stated  (see  p.  347),  the  Bureau  is  unable,  on  the  basis 
adopted,  to  make  a  comparison  of  total  costs  of  ingots  for  years  prior 
to  1901.  It  is  of  interest,  however,  to  show  the  figures  for  cost  above 
material  for  the  six-year  period,  1895  to  1900,  as  well  as  for  the  ten- 
year  period,  1901  to  1910,  shown  above. 

The  costs  above  material  for  Bessemer  billet  ingot«  for  the  same 
plant,  which  is  compared  abpve,  were  as  follows  from  1895  to  1900: 


1895 51.83  I  1899 S1.83 

1896 1.90  1900 2.01 

1887 1.62 

1SS8 1.65  I 


Average.. 


1.81 


The  cost  above  material  for  the  six  years  ranged  from  $1.62  per 
ton  in  1897  to  $2.01  per  ton  in  1900,  and  averaged  $1.81.  These 
costs  may  he  compared  with  the  similar  costs  for  1901  to  1910,  given 
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in  Table  129,  whieh  ranged  from  $1.31  pw  ton  in  1909  to  tl.89  per 
ton  in  1901,  and  averaged  $1.52  for  the  period.  The  important  fact 
shown  by  this  comparison  is  the  very  considerable  reduction  in  the 
cost  above  material  for  Bessemer  billet  ingots  for  the  ten-year  period, 
aa  compared  with  the  six-year  period.  No  conclusions  as  to  the  total 
cost  of  ingots  can  be  drawn  from  these  figures,  however,  as  data  are 
not  available  for  the  changes  in  cost  of  material  used. 

WoBKS  COST. — ^As  already  explained  (see  p.  346),  the  book  cost  of 
pig  iron  and  scrap  shown  on  the  ingot  cost  sheets  was  revised  and 
put  on  a  net  coat  basis.  In  this  case  the  net  costs  of  producing  p^ 
iron  at  this  plant  only  were  used.  Some  pig  iron  was  used  which  was  pro- 
duced at  other  furnaces,  but  this  was  disregarded  in  this  statement. 
To  obtain  the  net  cost  of  pig  iron  per  ton  of  ingots,  the  per  cent  of  in- 
<a«ase  of  the  book  cost  of  pig  iron  per  ton  of  ingots  over  the  price  paid 
as  entered  on  the  ingot  coat  sheets  was  computed,  and  this  per  cent 
applied  to  the  net  cost  of  pig  iron  produced  as '  ascertained  in  the 
manner  described  above  (see  p.  354).  The  net  cost  of  pig  iron  per 
ton  of  ingots  thus  obtained  was  then  substituted  for  the  hook  cost 
appearing  on  the  ingot  cost  sheets. 

It  was  not  possible  to  determine  the  net  cost  of  manganese,  so  the 
.  book  coat  was  assumed  to  be  the  net  cost  also.  The  difference  be- 
tween the  two  would  have  little  effect  on  the  cost. 

The  cost  above  material,  as  shown  on  the  cost  sheets,  was  added 
to  the  net  cost  of  material  to  obtain  the  net  works  cost  of  ingots. 

The  following  table  sho\^  the  net  coat  of  material  (pig  iron  and 
scrap  and  manganese),  cost  above  material,  and  net  works  cost  of 
Bessemer  billet  ingots,  from  1901  to  1910: 
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"Hie  net  cost  of  p^  iron  used  per  ton  of  ingots  produced  is  not  the 
B&me  as  the  net  cost  of  pig  iron  produced,  partly  because  it  takes  more 
than  one  ton  of  pig  iron  to  produce  a  ton  of  ingots,  and  partly 
because  these  ingots  were  produced  at  only  one  of  the  three  plante 
reporting  costs  for  Bessemer  pig  iron. 

As  already  explained,  the  book  cost  of  manganese  was  treated  as 
&  net  cost  also. 

Tile  total  net  cost  of  material  ranged  from  S11.63  per  ton  in  1910 
to  $13.37  per  ton  in  1903,  a  difference  of  J1.74. 

"Hie  foregoing  table  shows  that  the  cost  above  material  was  very 
high  during  the  first  part  of  the  period  as  compared  with  the  last  part, 
and  consequently  the  variation  in  net  works  cost  was  much  greater 
than  the  variation  in  net  cost  of  material.  The  range  in  net  works 
cost  was  from  $13  per  ton  in  1910  to  S15.23  per  ton  in  1903, 
showing  a  maximum  difference  of  $2.23. 

The  book  costs  of  Bessemer  pig  iron  and  scrap  per  ton  of  ingots 
(including  pig  iron  purchased)  given  below  for  purposes  of  com- 
parbon,  with  the  net  costs  in  the  above  table,  were  as  follows: 


1901 $13.19 

1902 14.17 

1903 : 15.82 

1904 14.23 

1905 15.01 


lOOfl 816.21 

1907 17. 4« 

1908 16.95 

1909 15.35 

1910 14.55 


The  most  significant  feature  of  Table  130  is  the  much  smaller 
variation  in  net  costs  than  in  the  book  costs  shown  above.  While  the 
range  in  book  costs  was  from  $13.19  per  ton  in  1901  to  $17.46  per  ton 
in  1907,  a  difference  of  $4.27,  net  costs  varied  only  $1,66,  ranging 
from  $11.34^  per  ton  in  1910  to  $13  per  ton  in  1903. 
Section  6.  Cost  of  Bessemer  rail  iagots. 

As  in  the  case  of  pig  iron  the  hook  c(»ts  are  not  used  for  the 
material,  but  only  for  the  cost  above  material. 

Cost  above  uatebial. — The  following  table  shows  the  average 
cost  above  material  for  Beesemer  rail  ingots  at  two  lai^  steel  works 
for  the  ten-year  period,  1901  to  1910: 
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ThB  total  cost  above  material  for  Bessemer  raQ  ingots,  except  ii 
one  year,  showed  a  striking  uniformity.  It  was  $1.13  per  ton  in  1901 
andtl.18  per  ton  in  1910,  varying  from  SI  per  ton  in  1905  to  tl-ZI 
per  ton  in  1908.  There  was  little  change  from  year  to  year  except 
in  1908,  when  the  tonnage  produced  was  comparatively  small,  and 
the  cost  above  material  was  the  highest  of  the  period. 

The  years  of  highest  cost  above  material  were  also  the  years  ol 
highest  labor  cost.  The  labor  cost  declined  from  $0.56  per  ton  in 
1901  to  S0.45  per  ton  in  1905,  and  rose  to  $0.58  per  ton  in  190S,  a 
year  of  small  production.    In  1910  it  was  S0.52. 

The  item  of  steam  showed  considerable  variation  also. 

Aa  already  stated  (see  p.  347),  the  Bureau  is  unable,  on  the  basis 
adopted,  to  make  a  comparison  of  total  costs  of  ingots  for  years 
prior  to  1901.  It  is  of  interest,  however,  to  show  the  figures  for  cost 
above  material  for  the  six-year  period,  1895  to  1900,  as  well  as  for  the 
ten-year  period,  1901  to  1910,  shown  above. 

Thecoste  above  material  for  Bessemer  rail  ingots  from  1895  to  1900, 
for  the  same  plants  which  are  compared  above,  were  as  follows:        , 

*I.3ll 


.  11.49 
.  1.61 
.  1.12 
.     1.13 


Average  ., 


The  cost  above  material  for  the  six  years  ranged  from  $1.12 
per  ton  in  1897  to  $151  per  ton  in  1896,  and  averaged  $1.29.  | 
These  costs  may  be  comparwi  with  the  similar  costs  for  1901,  to  1910, ' 
given  in  Table  131,  which  ranged  from  $1  per  ton  in  1905  to  $1.37 
per  ton  in  1908,  and  averaged  $1.11.  The  important  fact  brought 
out  by  this  comparison  is  the  considerable  reduction  in  the  costs 
above  material  for  Bessemer  rail  ingots  for  the  ten-year  period  as  com- 
pared with  the  six-year  period.  No  conclusions  as  to  the  total  cost  of 
ingots  can  be  drawn  from  these  figures,  however,  as  data  are  not 
available  for  the  changes  in  cost  of  material  used. 

Works  cost. — As  already  explained  (see  p.  346),  the  book  cost  of 
.pig  iron  and  scrap  shown  on  the  ingot  cost  sheets  was  revised  and 
put  on  a  net  cost  basis.  In  this  case  the  net  costs  of  pig  iron  at 
these  two  plants  only  were  used.  To  obtain  this  net  cost  of  pig  iron 
per  ton  of  ingots,  the  per  cent  of  increase  of  the  book  cost  of  pig  iron 
per  ton  of  ingots,  over  the  price  paid,  as  entered  on  the  ingot  cost 
sheets,  was  computed  and  this  per  cent  applied  to  the  net  cost  of  pig 
iron  produced  as  ascertained  in  the  mann^  described  above  (see  p. 
354).  The  net  coat  of  pig  iron  per  ton  of  ingots  thus  obtained  was 
then  substituted  for  the  book  cost  appearing  on  the  ingot  cost  sheets. 

It  was  not  possible  to  determine  the  net  cost  of  manganese,  so  the 
book  cost  was  assumed  to  be  the  net  cost  also.  The  difference 
between  the  two  would  have  very  little  efEect  on  the  cost. 
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'Hie  coat  above  material,  as  shown  on  the  cost  sheets,  was  added  to 
the  net  cost  of  materia]  to  obtain  the  net  works  cost  of  ingots. 

Tlie  following  taUe  shows  the  net  cost  of  material  (pig  iron  and 
scrap  and  manganese),  cost  above  material,  and  net  works  cost  of 
Bessemer  rail  ingots,  from  1901  to  1910: 
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The  net  cost  of  pig  iron  used  per  ton  of  ingots  produced  is  not 
the  same  as  the  net  cost  of  pig  iron  produced,  part,ly  because  it  takes 
more  than  1  ton  of  pig  iron  to  produce  a  ton  of  ingots,  and  partly 
because  the  costs  for  Bessemer  rail  ingots  were  for  only  two  of  the 
plants  reportii^  costs  for  Bessemer  pig  iron. 

As  already  explained,  the  book  cost  of  manganese  was  treated  as 
a  aet  cost  also. 

The  variation  In  net  costs  of  material  was  tl.25,  from  $11.59  per 
ton  in  1909  to  $12.84  per  ton  in  1907.  Net  works  cost  varied  $1.27, 
ranging  from  $12.69  per  ton  in  1909  to  $13.96  per  ton  in  1907. 

The  book  costs  of  Bessemer  pig  iron  and  scrap  per  ton  of  ingots, 
given  below  for  purposes  of  comparison  with  the  net  costs  in  the  above 
table,  were  as  follows: 


.  tl3.63 


1903 14.84 

1904 13,22 

1905 ia79 


1906 H4.  81 

1907 16.11 

1908 15.99 

1909 14.41 

1910 14.90 


It  appeus  from  Table  132  that  the  variation  in  net  costs  is  much 
lees  marked  than  the  variations  in  book  costs  which  are  given  above. 
The  range  in  book  costs  of  pig  iron  and  scrap  was  from  $13.22  per 
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ton  in  1904  to  $16.11  per  too  in  1907,  a  difference  of  $2.89,  while 
net  costs  varied  only  $1.17,  ranging  from  $10.92  per  ton  in  1909  to 
$12.09  per  ton  in  1907. 

Section  7.  Cost  of  large  Bessemer  billets. 

As  in  the  case  of  pig  iron  and  ingots  the  hook  costs  are  not  used 
for  the  material,  but  only  for  the  cost  above  material. 

Cost  above  hatebul. — ^The  following  table  shows  the  averse 
cost  above  material  for  large  Bessemer  billets  at  one  large  plant  for 
the  ten-year  period,  1901  to  1910: 
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The  total  cost  above  material  for  large  Bessemer  billets  showed 
a  considerable  decline  during  the  period.  It  was  $1.37  per  ton,  the 
highest  of  the  period,  in  1901,  and  $1.11  per  ton  in  1910;  the  lowest 
cost  was  in  1909,  namely,  $0.96. 

The  decrease  in  cost  above  material  was  due  lai^ely  to  reductions  in 
the  cost  of  labor.  This  decreased  from  $0.61  per  ton  in  1901  .to  $0.36 
per  ton  in  1909;  it  increased  in  1910  to  $0.40. 

As  already  stated  (see  p.  347),  the  Bureau  is  unable,  on  the  basis 
adopted,  to  make  a  comparison  of  total  costs  of  billets  for  years  prior 
to  1901.     It  is  of  interest,  however,  to  show  the  figures  for  cost  above 
material  for  the  six-year  period  1895  to  1900,  as  well  as  for  the  ten-  j 
year  period,  1901  to  1910,  shown  above. 

The  costs  above  material  for  lai^e  Bessemer  billets  from  1895  Ut 
900,  for  the  same  plant  for  which  coats  are  shown  above,  were  as 
■ollowB : 


.  $1.33 
,  1.43 
.     1.13 


.  tl-K 
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The  cost  above  material  for  the  six  years  ranged  from  SI. 13  per 
ton  m  1897  to  $1.70  per  ton  in  1900,  and  averaged  J1.40.  These 
costs  may  be  compared  with  the  similar  costs  for  1901  to  1910,  given 
in  Table  133,  which  ranged  from  $0.96  per  ton  in  1909  to  $1.37  per 
ton  in  1901,  and  averaged  $1.19.  The  striking  fact  brought  out  by 
this  comparison  is  the  great  reduction  in  the  costs  abovo  material  for 
hti^e  Bessemer  billeta  for  the  ten-year  period  as  compared  with  the 
six-year  period.  No  conclusions  as  to  the  total  cost  of  ingota  can  be 
drawn  from  these  figures,  however,  as  d&t*  are  not  available  for  the 
changes  in  coat  of  material  used. 

Mill  cost. — As  already  explained  (see  p.  347),  the  book  coat  of 
ingots  as  ^own  on  the  billet  cost  sheets  was  revised  and  put  on  a  net 
cost  basis.  To  obtain  this  net  cost  of  ingots  per  ton  of  billets,  the  per 
cent  of  increase  of  tht;  book  cost  of  ingots  per  ton  of  b'dlets  over  the 
price  paid ,  as  entered  on  the  billet  cost  sheets,  was  computed  and  this 
per  cent  applied  to  the  net  cost  of  ingots  produced  as  ascertained  in 
the  manner  described  above  (see  p.  358).  The  net  cost  of  ingots  per 
ton  of  billets  thus  obtained  was  then  substitnted  for  the  book  cost 
appearing  on  the  billet  cost  sheets. 

The  cost  above  material,  as  ^own  on  the  cost  E^eeta,  was  added  to 
the  net  cost  of  material  to  obtain  the  net  mill  cost  of  billets. 

The  following  table  shows  the  net  cost  of  material  (Bessemer 
billet  ingots),  cost  above  material,  and  net  mill  cost  of  large  Bessemer 
billets,  from  1901  to  1910: 
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ingots. 
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1.33 
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11(1.73 
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13.*) 

11.15 
1.38 
1.11 
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The  book  costs  of  Bessemer  billet  ingots  per  ton  of  billets,  given 
belowforpurposesof  comparison  with  the  net  cost  in  the  above  taUe, 
were  as  follows: 


IflOe 17.56 


1906 I1&65 

1907 20.00 

1908 19.23 

1909 17.64 

1910 16.75 
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The  most  significant  feature  of  Table  134  is  tlie  smaller  Tarlation 
in  net  costs  than  in  th«  book  costs  shown  above.  The  range  in  book 
costs  of  ingots  was  from  tl6.27  per  ton  in  1901  to  $20  per  ton  in  1907,  a 
difference  of  $3.73,  while  net  costs  varied  $2.38,  ranging  from  $13.40 
per  tion  in  1910  to  $15.78  per  ton  in  1903. 

This  is  the  same  plant  for  which  Bessemer  billet  ingot  costs  have 
been  discussed,  but  the  net  cost  of  ingots  used  per  ton  of  billets 
produced  is  lai^er  than  the  net  costs  of  ingots  produced  in  any 
year,  as  it  takes  more  than  1  ton  of  ingots  to  produce  a  ton  of  large 
Bessemer  billets. 

Similar  Tariations  are  shown  jn  net  mill  costs,  which  ranged  from 
$14.51  per  ton  in  1910  to  $17.11  per  ton  in  1903,  a  difference  of  $2.60. 
Section  8.  Cost  of  heaTy  Bsjuemer  rails. 

As  in  the  case  of  pig  iron  and  ingots  the  book  costs  are  not  used 
for  the  material,  but  only  for  the  cost  above  material. 

Cost  above  hatebial. — The  following  table  shows  the  average 
cost  above  material  for  heavy  Bessemer  rails  at  two  large  plants  for 
the  ten-year  period,  1901  to  1910: 
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The  total  cost  above  material  for  heavy  Bessemer  rails  showed  con- 
siderable variations.  It  was  $2.11  per  ton  in  1901  and  $2.37  per  ton 
in  1910,  varying  from  $1.91  per  ton  in  1905  to  $2.70  per  ton  in  1908. 
This  high  cost  in  1908  was  due  mainly  to  the  fact  that  the  production 
fell  off  more  than  one-half  on  account  of  the  trade  depression. 

The  variations  in  cost  above  material  were  due  largely  to  variations 
in  labor  cost.  Labor  cost  declined  from  $1.18  per  ton  in  1901  to 
$0.93  in  1905.  It  then  rose  to  $1.23  per  ton  in  1908,  the  year  of  small 
production.     The  period  closed  with  a  decrease  in  1910  to  $1.14. 

Aside  from  1908,  when  all  items  of  cost  were  high,  there  were  no 
marked  variations  in  the  other  items  of  cost. 
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As  already  stated  (see  p.  347),  the  Bureau  is  unable,  on  the  basis 
adopted,  to  make  a  compariaon  of  total  costs  of  rails  for  years  prior 
to  1901.  It  is  of  interest,  however,  to  show  the  figures  for  cost  above 
material  for  the  six-year  period  1895  to  1900,  as  well  as  for  the  ten- 
year  period  1901  to  1910,  shown  above. 

The  costs  above  material  for  heavy  Bessemer  rails  for  the  same 
plants,  which  are  compared  above,  were  as  follows  from  1895  to  1900: 


Average. . 


The  cost  above  material  for  the  six  years  ranged  from  $1.98  per 
ton  in  1898  to  $2.68  per  ton  in  1896,  and  averaged  $2.28.  Th33e 
costs  may  be  compared  with  the  similar  costs  for  1901  to  1910,  given 
in  Table  136,  which  ranged  from  $1.91  per  ton  in  1905  to  $2.70  per 
ton  in  1908,  and  averted  $2.16.  This  comparison  sh  )ws  that  there 
was  comparatively  little  reduction  in  the  costs  above  materia  for 
Bessemer  steel  rails  in  the  ten-year  period  as  compared  with  the  siz- 
jear  period.  No  conclusions  as  to  the  total  cost  of  rails  can  be 
drawn  from  these  figures,  h:)wever,  as  data  are  not  available  for 
tlii;  changes  in  cost  of  material  used. 

Mill  cost. — As  already  explained  (see  p.  347),  th:;  book  cost  of 
ingots  shown  on  th")  rail  cost  sheets  was  revised  and  put  on  a  net 
cost  basis  by  substituting  for  the  price  of  ingote  used  the  net  cost 
of  production  ascertained  in  tho  manner  described  above  (see  p.  360) . 
The  same  method  was  employed  as  in  obtaining  the  net  cost  of  ingots 
used  in  the  production  of  latge  Bessemer  billets.     (See  p.  3^3.) 

The  cost  above  material  as  shown  on  the  cost  sheets  was  added  to 
l^e  net  cost  of  material  to  obtain  the  net  mill  cost  of  rails. 

The  following  table  shr}ws  the  net  cost  of  mateiial  (Bessemer  rail 
iogots),  cost  above  material,  and  net  mill  cost  of  heavy  I 
mils  from  1901  to  1910: 
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The  book  costs  of  Bessemer  rail  ingots  per  ton  of  rails,  given  below 
for  purposes  of  comparison  with  the  net  costs  in  the  above  table, 
were  as  follows : 

1901 $16.42  1906 fl7;90 

1907 18.88 

1908 19.30 

1909 17.02 

1910 17,86 


1903 17.64 

1904 16.07 

1905 16.63 

The  most  important  feature  of  Table  136  is  ths  much  smaller  vari- 
ation in  net  costs  than  in  the  book  costs  shown  above.  Book  coats 
ranged  from  S16.07  per  ton  in  1904  to  $13.30  per  ton  in  190S,  a 
difference  of  $3.23,  while  net  costs  varied  $1.32,  rai^;tng  from- $13.37 
per  ton  in  1909  to  $14.69  per  ton  in  1907. 

These  are  the  same  plants  for  which  Bessemer  rail  ingot  coats  have 
been  discussed,  but  the  net  cost  of  ingots  used  per  ton  of  rails  pro- 
duced is  larger  than  tino  net  cost  of  ingots  produced,  as  it  takes 
more  than  1  ton  of  ingots  to  produce  a  ton  of  rails; 

Net  mOl  cost  of  rails  varied  $1.37,  from  $15.70  per  ton  in  1909 
to  $17.37  per  ton  in  1908. 

Section  9.  Net  costs  and  quoted  market  prices. 

In  the  foregoing  discussion  costs  abore  matwial-  and  net  coats  have 
been  considered  for  certsJn  sheeted  products.  In  addition  a  brief 
summary  of  the  results  shown  in  the  case  of  the  total  net  costs  of  iiie 
commercial  iron  and  steel  products,  Bessemer  pig  iron,  large  Bessemer 
billets,  and  heavy  Bessemer  rails,  is  here  set  f(Hth,  together  with  data 
as  to  the  annual  range  in  the  market  quotations  of  these  products. 

SUHHABT  OF  NET  COSTS  OF  BbSSBHSB  PIQ  IBOM,  LAROE  BkBSEHEB 
BILLETS,  AND  HSATY  BeSSBMEB  BAILS,    1901  TO   1910. — ^Tho  net  COSts 

of  products,  as  previoudy  discussed  in  this  chapter,  do  not  make  any 
allowance  for  additional  costs  (general  expense  ai»l  depffeciation). 
In  this  summaiy  of  net  costs,  however,  the  Bureau  has  added  as- 
sumed normal  additional  costs  of  $0.50  per  ton  for  Bessemer  pig 
iron,  $1.10  per  ton  for  large  Bessemer  billets,  and  $1.30  per  ton 
for  heavy  Bessemer  rails  (see  p.  2S9).  The  following  table  shows 
the  total  net  costs  of  Bessemer  pig  iron,  large  Bessemer  billets,  and  ' 
heavy  Bessemer  rails,  from  1901  to  1910:  I 
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The  total  net  cost  for  Bessemer  pig  iroQ  represents  returns  for  three 
hTge  furnace  plants;  the  large  Bessemer  billets  were  produced  at  one 
of  these  plants,  while  the  heavy  Bessemer  rails  were  produced  at 
the  other  two. 

Special  emphasis  should  be  laid  on  the  fact  that  there  was  com- 
paratively little  variation  in  total  net  costs;  the  maximum  variation 
was  $m  per  ton  in  Bessemer  pig  iron,  $2.60  per  ton  in  large  Bessemer 
billets,  and  $1.67  per  ton  in  heavy  Bessemer  rails. 

For  comparing  the  variations  of  these  total  net  costs  with  the 
variations  of  market  price  quotations,  certain  data  regarding  the  lat- 
ter are  given  below. 

Mabeet  quotations  of  BessEMEB  PIS  ISDN,  Besseheb  billets, 
AND  Bessemer  bails,  1901  to  1910,^ — ^The  following  table  shows  the 
annual  range  of  market  quotations  of  Bessemer  pig  iron,  large  Bes- 
aemer  billets,  and  heavy  Bessemer  rails,  according  to  the  Iron  Age, 
from  1901  to  1910: 
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An  examination  of  the  above  table  shows  that  there  were  great 
variations  in  the  market  quotations  of  Bessemer  pig  iron  and  Bes- 
semer billets,  but  no  change  at  all  in  Bessemer  rails  after  1901. 
These  variations  in  market  quotations  were  nattu-aily  far  greater 
than  the  variations  in  net  costs  by  years,  discussed  above.  The  taax- 
imum  variation  in  the  mark^  quotations  of  Bessemer  pig  iron  was 
112.15  per  ton,  as  against  a  variation  of  only  $1.11  per  ton  in  net 
costs  by  years.  The  maximum  variation  in  the  market  quota- 
tions of  Bessemer  billets  was  $13.50  per  ton,  as  against  a  variation 
of  $2.60  per  ton  in  net  costs  by  years.  The  maximum  variation  in 
the  market  quotations  of  Bessemer  rails  was  $2  per  ton,  as  against 
a  variation  of  $1.67  per  ton  in  net  costs  by  years.  '  The  market  quo- 
tation of  rails  is  of  peculiar  interest,  as  it  has  remained  fixed  at  S2S 
per  ton  since  May,  1901. 

It  should  be  borne  in  mind,  however,  that  the  market  quotations 
in  the  above  table  can  not  be  compared  with  the  net  costs  in  Table 
137  to  obtain  the  profit  on  products  sold,  because  the  market  quo- 
tations merely  represent  the  annual  range  of  prices. 
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CHAPTER  Xm. 

STEEL  CORPORATION'S  BOOK  COSTS  AVD IHTEGBATIOF  COSTS 
AND  RELATION  TO  INVESTMENT. 

Section  1.  Book  costs. 

The  following  seven  chapters  deal  with  costs  of  the  Steel  Corpora- 
tion alone  for  the  year  1910,  for  the  diief  raw  materials,  and  for 
typical  finished  products. 

As  already  stated  (see  p.  5),  the  unique  character  of  the  Steel  Cor- 
poration and  its  dominating  position  in  the  industry  make  the  subject 
of  its  costs  of  production  a  matter  of  public  concern. 

All  the  considerations  noted  in  preceding  chapters  as  to  the  neces- 
sity for  revision  of  costs,  owing  to  the  effect  of  legal  organization, 
intercompany  transactions,  arbitrary  transfer  prices,  etc.,  apply  with 
especial  force  in  the  case  of  the  Stepl  Cprporation,  which  is  a  holding 
company  with  a  large  number  of  constituent  and  subsidiary  com- 
panies, and  which,  moreover,  is  the  only  steel-making  concern  with 
extensive  railroad  properties. 

The  industrial  activity  of  the  Steel  Corporation  covers  not  only  the 
mining  of  iron  ore  and  of  coal  and  the  making  of  coke,  but  also  the 
transporting  of  ore  by  both  rail  and  I^ake,  while  its  iron  and  steel 
manufacturing  enterprises  cover  the  making  of  pig  iron,  steel,  and 
most  of  the  various  lines  of  rolled  products,  besides  some  more 
elaborated  commodities,  such  as  tin  plate,  manufactures  of  wire,  etc. 

The  Steel  Corporation's  ore  business  is  conducted  by  a  distinct 
company,  and  l^ewise  the  business  of  its  several  railroads,  its  ore 
fleet,  and  its  several  coal  and  coke  producing  enterprises,  while  its 
iron  and  steel  manufacturing  business  is  divided  up  among  numerous 
companies,  most  of  which  are  severally  engaged  in  the  production  of 
iron,  steel,  and  various  finished  products  of  steel. 

These  several  companies  have  a  separate  legal  existence,  and  are 
held  together  as  an  industrial  unit  through  the  owoersbip  of  their 
stocks  by  the  Steel  Corporation,  whidi  is  simply  a  holding  company. 
The  natural  consequence  of  the  separate  organization  of  these 
several  producing,  transporting,  and  manufacturing  companies  is 
that  each  one  of  them  has,  and  necessarily  must  have,  its  own  separate 
financial  accounts,  coat  accounts,  etc.,  and  these  accounts,  at  least 
in  most  cases,  have  had  a  continuous  existence  from  a  time  prior  to 
the  formation  of  the  Steel  Corporation.    Even  where  prior  to  the 
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organization  of  the  Steel  Corporation  these  manufacturing  companies 
controlled  ore-mining  property  and  indirectly  were  engaged  in  the 
production  of  ore,  Hub  was  always  done,  at  least  for  the  districts  using 
Lake  ore,  through  a  separate  company.  Thus,  the  ooosolidation  of 
the  various  ore  companies  controlled  by  the  Steel  Corporation  under 
a  central  direction,  as  at  the  present  time,  produced  no  important 
change  in  the  manner  of  accounting. 

Owing  in  part  to  thia  legal  oiganizatlon  and  in  part  to  a  more  or 
less  natural  separation  of  ore  mining,  ore  transportation,  and  coal 
and  coke  production  from  the  making  of  iron  and  steel  products,  the 
costs  of  production  in  these  several  branches  were  formerly,  and  are 
still,  generally  treated  as  independent  operation^.  The  cost  of  a 
product  is-  always  considered  by  the  Steel  Corporation  as  the  cost  to 
the  subsidiary  company  which  makes  it,  and  if  this  company  has  to 
pay  a  price  which  includes  a  profit  on  the  ore  or  coke  it  purchases 
from  another  subcompany,  such  price  is  r^^arded,  and  for  the  finan- 
cial accounts  of  the  subcompany  in  question  must  be  r^arded,  as  a 
cost  to  that  company.  The  cost  to  the  subsidiary  companies,  figured 
in  this  way,  is  designated  company  or  book  cost  as  distinguished 
from  the  Steel  Corporation's  net  or  integration  coat. 

Section  2.  Integration  costs. 

While  the  above  is  the  natural  basis  for  the  cost  accounts  of  the 
several  constituent  companies,  it  is  important  to  bear  in  mind  that 
tiiese  various  constituent  companies,  whether  engaged  in  ore  mining, 
ore  transportation,  coal  mining,  coke  making,  or  the  manufacture  of 
iron  and  steel  products,  are  in  fact  combined  into  a  single  industrial 
and  commercial  unit,  though  by  more  or  less  artificial  legal  arrange- 
ments, under  a  central  control  with  respect  to  every  branch  thereof, 
and  that  the  divisible  profits  from  each  of  these  companies  flow  or 
can  be  directed,  if  need  be,  into  a  single  treasury,  namely,  that  of  the 
Steel  Corporation. 

Now,  just  as  the  Steel  Corporation  in  its  combined  statements  of 
earnings  finds  it  important  to  distinguish  between  profits  finally  real- 
ized from  sales  to  outsiders  and  profits  resulting  from  intercompany 
sales  between  its  subcompanies  (see  Part  I,  pp.  332-344),  so  in  its 
cost  accounting  it  is  important  for  a  full  understanding  of  its  position 
as  a  producer  to  know  the  cost  of  its  products  without  the  inclusion 
of  the  profits  from  transportation  services  or  materials  sold  by  one 
subcompany  to  another.  For  this  reason  the  Steel  Corporation 
keeps  a  record  of  such  intercompany  profits  with  respect  to  materials 
transferred  or  transportation  services  rendered  in  such  a  manner 
as  to  enable  it  to  determine,  at  least  with  approximate  accuracy, 
what  the  cost  would  be  if  no  such  intermediate  profits  were  charged 
into  oottft.    Tbxitt  tot  iron  on  used  in  nuking  pig  irai  the  profit 
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on  ore  transportation,  whether  by  rail  or  Lake,  as  near  as  it  can  be 
determined,  together  with  profits  accruing  from  ore  docks,  besides, 
of  course,  the  profit  on  the  sale  of  the  ore  (i.  e.,  the  difference  between 
its  cost  and  the  price  received  by  the  ore  company),  is  duTy  computed 
and  credited  to  the  item  of  ore  or  metaUic  mixture.  The  same 
principle  applies  to  the  coke  used  in  making  pig  iron.  These  com- 
prise the  only  important  items  of  intercompany  profit  that  have 
relation  to  the  costs  of  pig  iron.  The  subtraction  of  these,  items  of 
profit  for  ore,  coke,  etc.,  provides  the  Steel  Corporation  with  a  means 
of  revising  the  pig-iron  cost  as  shown  by  the  producing  company's 
accounts.  The  cost  thus  arrived  at  may  be  regarded  as  an  integra- 
tion coat.  It  may  be  correctly  called  an  integration  cost,  inasmuch 
as  it  relates  to  the  organization  as  a  highly  integrated  industrial 
unit. 

It  is  desirable  to  have  the  costs  stated  in  this  manner  because  the 
incltision  of  intercompany  profits  involves,  from  a  statistical  point 
of  view,  an  inconsistent  treatment  of  the  several  stages  of  production, 
inasmuch  as  such  profits  are  not  charged  or  included  on  the  basis 
of  any  economic  principle,  but  simply  on  the  basis  of  legal  organiza- 
tion of  companies.  Furthermore,  if  at  any  particular  stage  of  pro- 
duction, as  for  example  ore  mining  or  ore  transportation/  the  profits 
were  unreasonably  high,  such  profits  would  be  incorporated  in  all 
subsequent  costs  and  enhance  them  unduly. 

Section  3.  Additional  costs. 

The  book  costs  and  integration  costs  shown  by  the  cost  sheets  of  the 
Steel  Corporation,  do  not  include  any  "additional  costs,"  such  as  were 
presented  in  Chapters  V  to  VII  of  this  report.  It  was  pointed  out 
(see  pp.  20-21)  that  these  additional  costs,  while  based  on  real 
expenses  and  real  chaigea  for  depreciation,  were  extremely  arbitrary 
and  were  allotted  by  a  somewhat  arbitrary  rule.  It  is  not  practicable 
to  determine  exactly  the  additional  costs  of  general  expense  and  depre- 
ciation appearing  on  the  profit  and  loss  accounts  to  be  allocated  to  pig 
iron  and  the  various  products  of  steel  in  order  to  give  a  total  cost. 
After  consultation  witii  ofBcials  of  the  Steel  Corporation  the  follow- 
ing additional  costs  per  ton  covering  depreciation  and  general  expense 
were  decided  upon  as  representing  normal  chaises  and  are  apparently 
more  representative  t^an  any  figures  which  could  be  computed  for  a 
.angle  year. 

Pig  iron |0.M 

Ingots: 


Open  hearth,  Northern  works 8S 

Open  Iwuth,  Southern  works M 
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Blooma! 


$1.00             I 

Open  hearth 1.20             ' 

Slabs: .  I 

Beflsemer , 1.00             ! 

Open  hearth 1,  20 

Laige  billets:  ! 

Beeeemer 1.10             1 

Open  hearth 1. 30             ' 

Small  billets:  . 

Bessemer 1. 20             ] 

Open  hearth 1.40             j 

Bails:  | 

Bessemer L  30             ' 

Open  hearth,  Northern  works 1.66             i 

Open  hearth,  Southern  works 1.65             j 

Structural  shapes:  Open  hearth 1.70 

Plates:  Open  hearth.. L80 

Section  4.  Character  of  antecedent  profits  eliminated  from  the  Steel 
Corporation's  company  or  book  costs. 

Although  the  Steel  Corporation  possesses  extraordiDarily  complete 
records  of  its  business  and  profits,  even  it  can  not  figure  with  absolute 
precision  the  actual  amount  of  antecedent  transfer  profit  which  is 
contained  in  the  company  or  book  cost  of  a  particular  product  at  a 
particular  plant.  Nor  can  such  a  calculation  be  absolutely  precise 
in  the  case  of  transportation  profits,  because  with  respect  to  such 
profits  any  rule  for  allocating  the  total  net  operating  profits  to  a 
particular  commodity  transported  must  be  more  or  less  arbitrary, 
however  reasonable  or  proper  such  rule  may  be. 

Furthermore,  the  computations  of  the  Steel  Corporation  with  i 
respect  to  antecedent  transfer  profits  included  in  the  company  or 
book  costs  are  not  absolutely  complete.  In  such  a  complicated 
business  as  that  conducted  by  this  great  concern  there  are  a  great 
many  possible  ways  for  some  insignificant  items  of  profit  to  get  into 
the  cost  of  supplies,  etc.,  quite  apart  from  the  main  sources  of  such 
profit,  namely,'  the  transf^  and  transportation  profits  on  the  chief 
raw  material  of  pig-iron  manufacture,  ore^  and  the  transfer  profits 
on  coal  and  coke  and  on  pig  iron  and  manufactures  of  iron  and  steel 
(which  are  occasionally  charged  as  they  pass  from  one  subcompany 
to  another)  in  succeeding  stages  of  manufacture.  Nevertheless,  thi^ 
Steel  Corporation  does  trace  out  and  include  such  antecedent  transfer 
profits  with  extraordinary  care.  In  the  detailed  statements  of  inte- 
gration profit,  particular  itemis  of  such  profit  as  small  as  one-tentb 
of  a  cent  per  ton  are  sometimes  shown  against  minor  items  of  cost. 

As  already  pointed  out,  the  great  bulk  of  the  Steel  Corporation's 
intercompany  profit  arises  from  the  transfer  of  ore  and  coke  and 
from  transportatdon  of  ore.    lie  transportation  profit  on  ore  is  de- 
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rived  priocipally  from  (1)  transportation  over  the  Dulutb  &  Iron 
Range  Railroad  and  the  Duluth,  Miaaabe  &  Northern  Railway,  from 
the  mining  region  to  the  head  of  the  Lakes;  (2)  transportation  by 
the  vessels  of  the  Pittsburgh  Steamship  Co.,  from  upper  Lake  porta 
to  lower  Lake  ports;  (3)  transshipment  at  certain  docks  at  lower 
Lake  ports;  and  (4)  transportation  over  certain  railroads  running 
from  the  Great  Lakes  to  furnaces  south  thereof,  particularly  the 
Bessemer  &  Lahe  Erie  Railroad,  connecting  the  ore  docks  at  Con- 
neaut  with  the  Pittsburgh  district. 

The  manner  in  which  the  Steel  Corporation  arrives  at  its  intercom- 
pany profit,  both  transfer  profit  on  raw  materials — ore  and  coke — 
and  transportation  profit  is,  in  substance,  as  follows: 

An  approximation  of  the  cost  and  profit  of  transporting  Steel  Oor- 
porat^pn  ore  over  the  Duluth  &  Iron  Range  Railroad,  the  Duluth, 
Missabe  &  Northern  Railway,  and  the  Pittsburgh  Steamship  Co.  is 
reported  by  the  Steel  Corporation  to  the  Oliver  Iron  Mining  Co.  To 
the  transportation  profit  arrived  at  in  this  way  the  Oliver  Iron 
Mining  Co.  adds  its  expected  transfer  profit  for  the  year  (based  on 
estimated  costs  of  mining  and  prices  of  ore  fixed  in  advance).  This 
gives  the  Steel  Corporation  the  basis  for  arriving  at  its  int^ration 
cost  and  intercompany  profit  on  ore  at  lower  Lake  ports,  and  this  is 
the  profit  taken  up  by  the  constituent  companies  when  the  ore  is 
dehvered  to  them.*  All  cost,  price,  and  intercompany  profit  adjust- 
ments, to  meet  actual  conditions,  -are  then  made  at  the  end  of  the 
year. 

In  like  manner  an  approximation  of  the  cost  of  and  profit  from 
handling  ore  over  the  Pittsburgh  &  Conneaut  Dock  Co.  and  the 
Bessemer  &  Lake  Erie  Railroad  is  reported  by  the  Steel  Corporation 
to  the  Carnegie  Steel  Co.  (the  constituent  company  consuming  the 
ore  handled  by  this  dock  and  railroad)  and  is  taken  up  by  it  when  the 
ore  is  delivered  in  fike  manner  as  the  reported  profit  at  lower  Lake 
ports. 

For  certain  plants  of  the  Steel  Corporation  in  the  Chici^  district 
which  are  served  with  raw  materials  transported  over  the  Elgin, 
Johet  &  Eastern  Railway  there  is  also  a  small  amount  of  intercom- 
pany profit.    , 

In  computing  the  integration  profits  from  these  transportation 
facUities  the  Steel  Corporation  excludes  from  the  net  earnings  all 
interest  accruing  during  the  year  on  the  bonds  of  such  transportation 
^encies  in  so  far  as  they  are  held  by  outsiders,  and  not  by  the  Steel 
Corporation  itself. 

Practically  all  of  the  intercompany  transfer  profit  on  coke  accrues 
to  the  H.  C.  Frick  Coke  Co.  and  is  the  difference  between  the  actual 
cost  to  the  company  and  the  prices  received  f.  o.  b.  coke  ovena. 
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While  the  Steel  Corporation's  computations  of  the  integratioii 
profits  included  in  the  company  or  book  cost  are  not  absolutelj  com- 
plete or  precise,  they  are  made  with  unusual  care  and  accuracy. 
Moreover,  there  would  be  no  practical  advantage  to  the  Steel  Cor- 
poration in  making  such  computations  absolutely  precise,  and  as  the 
possible  differences  in  cost  depending  on  such  precision  would  be 
very  small  they  would  be  also  of  little  pubhc  interest. 

Seotios  6.  Relation  of  company  or  book  costs  and  integration  costs  to 
investment. 

In  comparing  the  company  or  book  costs  and  the  int^ratioD  costs 
as  described  above,  it  is  of  vital  importance  to  discriminate  as  to  the 
respective  margins  between  these  two  costs  and  the  selling  price  in 
any  instance,  inasmuch  as  the  margin  in  the  first  case  constitutes  a 
return  on  quite  a  different  investment  as  compared  with  the  second. 
Take,  for  example,  the  book  cost  of  p'lg  iron,  which  may  be  assumed 
at  $14  per  ton,  and  the  selling  price  at  $16  per  ton.  The  mai^in  here 
is  $2  per  ton,  and  this  represents  a  profit  on  the  investment  and  risk 
in  the  operation  of  blast-furnace  plant  only.  For  this  same  pig  iron 
the  integration  cost  may  be  assumed  to  be  $10.50  per  ton,  which 
at  the  same  market  price  leaves  a  margin  or  profit  of  $5.50  per  ton, 
but  the  total  amount  of  profit  corresponding  to  this  margin  consti- 
tutes the  return  on  the  investment,  operation,  afld  risk,  not  only  for 
the  blast-furnace  plant,  but  also  for  ore  mines,  ore  railroads,  ore  fleets, 
and  docks,  besides  coal  mines  and  coke  works.  A  much  larger  margin 
of  profit  is  requisite,  obviously,  in  the  second  case  than  in  the  first, 
inasmuch  as  the  profit  must  afford  a  return  on  more  extensive  opera- 
tions, and  consequently  on  a  very  much  lai^er  investment. 

The  question  as  to  what  constitutes  a  fair  return  on  the  capital  in- 
vested in  the  case  of  the  above  illustration,  or  under  the  actual  cir- 
cumstances about  to  be  presented,  can  not  be  discussed  at  this  point, 
but  must  depend  on  a  careful  considwation  of  the  investment  and 
operations  in  each  department  of  the  business  and  the  attendant  risks. 
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CHAPTER  XIV. 

STEEL  COBFORATION'S  IHTEGSATIOH  COSTS  OF  LAKE  SUPE- 
BIOS  OKE  FOB  1910. 

Section  1.  latrodnctory. 

A  brief  description  of  the  chemical  and  physical  character  of  Lake 
ore,  form  of  deposits,  the  systems  of  holding  and  working  such  deposits, 
and  the  transportation  to  the  markets  of  sale  has  already  been  given. 
(See  pp.  26-32.) 

The  total  production  of  Lake  Superior  ore  in  1910  is  oE&cially 
reported  at  46,328,743  tons,  and  the  total  shipments  from  the  upper 
hake  ports  at  43,442,397  tons.  The  production  of  Lake  ore  by  the 
Steel  Corporation  in  1910  was  23,010,216  tons,  or  49.7  per  cent  of 
the  total,  and  its  shipments  from  upper  Lake  ports  were  21,546,824 
tons,  or  49.6  per  cent  of  the  total. 

The  total  production  of  Lake  ore  and  the  production  of  the  Steel. 
Corporation,  by  ranges,  for  the  year  1910  are  shown  in  the  following 
table: 


B«ap. 

Total 
prodnctkoi. 

Production  olSWel 

Onuumi. 

SmuKnu. 

17,87S,0M 

Pa  can. 

i,j9a,3<n 

4,748,818 

4,431,  *ar 

4,(W,7SB 

1,SSS,110 
1,817,  MS 

1,188,910 

96.1 

U,»2,334 

M3S,167 

«,Sa8,743 

aS,010,21B 

The  costs  of  Lake  ore,  as  has  already  been  shown  (see  pp.  32  and  33) , 
BIS  usually  stated  at  lower  Lake  ports,  where  the  ore  is  generally 
sold,  and  include,  therefore,  important  items  of  freight  for  both  rail 
ftnd  Lake  transportation.  The  Steel  Corporation's  position  as  one 
of  the  principal  ore  carriers,  both  by  rail  and  Lake,  and  the  Bureau's 
computation  of  the  total  amount  ^  these  transportation  profits  as 
w^  as  the  aTerage  rate  of  profit  per  ton  of  total  deliveries  at  lower 
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Lake  ports  have  already  been  stated  for  the  five-year  period  1902  to 
1906.  (Seep.329.)  In  ita  computations  of  the  integration  cost  of  its 
ore  at  lower  Lake  ports,  the  Steel  Corporation  does  not  take  any 
account  of  the  prohts  which  it  receiTes  from  the  transportation  of 
ore  for  other  concerns. 

In  discussing  the  Steel  Corporation's  cost  of  Lake  Superior  ore 
for  the  year  1910  it  is  convenient  to  present  first  the  cost  for  the 
region  as  a  whole  after'which  the  costs  by  ranges  and  for  individual 
mines  will  be  considered. 

Section  2.  Aveia^  cost  of  Steel  Oorporation's  total  lake-ore  pro- 
dnction  for  1910. 
Tlie  cost  of  the  Steel  Corporation's  ore  at  lower  Lake  ports  in  1910 
is  shown  in  the  following  table  in  the  same  form  as  used  in  previous 
statements  of  book  cost  (see  Table  3,  p.  34)  witb  two  additional 
columns  showing,  respectively,  the  intercompany  transportation 
profits  eliminated  and  the  resultant  integration  cost: 

TjIBLI  140.— steel  COBPOBATION'S  BOOK  COST  FEB  GROSS  TON  OF  LAKS  ORE  AT 
LOWER  LAKE  PORTS,  AB  SHOWN  BY  PKODUCINQ  COMPANIES'  COST  STATEMENTS, 
APPROXIMATE  INTERCOMPANY  PROFITS  INCLDDED  THEREIN,  AND  INTEORA- 
TION  COST,  AS  SHOWN  BY  THE  RECORDS  OF  THE  CORPORATION,  FOR  IBia 

[23,010,218  £ioes  tons.) 


nrai. 

Ta 

pany  profit 
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»« 

1039 

U 

01 
31 
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' 

VS 

10.34 
.14 

2 

70 
IS 

.48 

.48 

■  Including  Blripplng. 


•  Interoompui)'  royalty,  10.002. 


Cost  at  uikb. — The  average  cost  at  mine  for  the  Steel  Corpora- 
tion's total  Lake-ore  production  for  1910,  as  shown  by  the  company's 
books,  was  S1.21  per  ton.  Labor,  which  includes  direct  producing 
labor  only,  averaged  tO.35  per  ton  or  only  2S.9  per  cent  of  the  mine 
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cost.  The  average  costs  of  supplies,  repairs,  and  mine  expense  were 
S0.15  per  ton,  S0.02  per  ton,  and  $0.04  per  ton,  respectivelj. 

Important  items  of  the  cost  of  ore  at  mine  were  depreciation  and 
royalty.  The  nature  of  these  items  of  cost  has  already  been  discussed. 
(See  pp.  28-32.)  The  average  charge  for  depreciation,  including 
stripping,  was  S0.31  per  ton  and  the  average  royalty  was  $0.34  per  ton. 
The  total  royalty  payments  were  distributed  over  the  total  tonnage 
mined.  A  few  of  the  mines  operated  were  owned  in  fee.  However, 
the  average  royalty  on  the  royalty  mines  alone,  eliminating  the  fee 
tonnage,  was  only  $0.01  higher,  namely,  $0.35  per  ton. 

In  the  average  cost  of  royalty  of  $0.34  per  ton  a  small  amouiit  of 
intercompany  profit  was  included.  The  intercompany  royalty  profit- 
that  arising  from  leases  by  one  subsidiary  company  to  another  at  an 
advanced  royalty — was,  however,  too  small  to  affect  the  average 
cost  as  stated  in  cents  per  >ton.  No  other  item  of  cost  at  mine  was 
affected  by  intercompany  profits. 

In  this  connection  it  may  be  noted  that  the  average  royalty  cost 
shown  in  the  above  table,  namely,  $0.34  per  ton,  was  high  on  account  of 
the  payment  of  abnormally  large  royalties  on  the  ore  mined  under 
the  "Hill"  lease.  Eliminating  the  production  from  that  lease  and  the 
royalty  payments  thereon,  the  average  royalty  was  reduced  to  $0.28 
per  ton.  Inasmuch  as  this  lease  has  been  canceled  by  the  Steel  Corpo- 
ration (effective  Jan.  1,  1915)  it  is  evident  that  the  abnormally  high 
chaises  on, this  Hill  ore  are  not  to  be  regarded  as  a  permanent  factor 
in  the  Steel  Coloration's  ore  costs. 

Rail  and  Lake  freight. — The  average  company  or  book  cost  of 
rail  freight  (from  mines  to  upper  Lake  ports)  was  $0.74  per,  ton.  In 
this  freight  chai^  was  found  the  chief  part  of  the  intercompany 
profit.  These  profits  averi^d  $0.34  per  ton  in  a  total  average  rail 
freight  charge  of  $0.74  per  ton.  The  net  cost  of  rail  freight  averaged, 
therefore,  only  $0.40  per  ton.  This  average  profit  in  the  rail  freight 
is  based  on  the  total  profit  from  hauling  its  own  ore  divided  by  the 
total  ore  shipments  of  the  Steel  Corporation  from  the  Lake  region. 
On  that  part  of  the  tonnage  hauled  by  the  railroads  of  the  Steel  Cor- 
poration the  average  was,  of  course,  much  higher  because  out  of  the 
total  tonnage  shipped  only  three-fourths  was  hauled  by  the  Steel  Cor- 
poration's railroads.  On  its  own  ore,  hauled  by  its  own  railroads,  the 
St«el  Corporation's  railroad  profit  was  $0.45  per  ton.  (See  p.  383.) 
The  actual  amount  of  profit  in  the  rail  freight,  corresponding  to  the 
profit  per  ton  of  ore,  constituted,  so  far  as  this  part  of  the  ore  traffic 
was  concerned,  the  total  return  on  the  investment  in  the  upper  Lake 
railroads. 

Effective  November  30,  1911,  the  Steel  Corporation's  subsidiary 
railroads  (Duluth  &  Iron  Range  Raihoad  and  the  Duluth,  Missabe  & 
Northern  Railway)  running  to  the  Meaabi  and  Vermihon  Ranges 
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reduced  the  long-establiehed  rates  by  S0.20  per  ton  on  ore  from  tiie  ' 
Mesabi  Range  and  from  $0.30  to  tO.40  per  ton  on  ore  from  the  Ver- 
milion Range.  The  ore  rates  thus  established  are  uniform  at  t0.60 
per  ton  for  both  of  these  Mimiesota  ranges.  This,  of  course,  has  a 
decided  effect  in  reducing  the  company  or  book  cost  of  rail  freight 
as  well  as  the  amount  of  intercompany  profit,  but  it  has  no  effect  on 
the  integration  cost. 

The  average  company  or  book  cost  of  Lake  freight  (from  upper 
Lake  ports  to  lower  Lake  ports)  was  S0.75  per  ton.  The  average 
intercompany  profit  from  Lake  transportation  was  much  smaller 
than  from  rail  transportation,  namely,  only  $0.14  per  ton.  The  in- 
tegration cost  of  Lake  freight  averaged  $0.61  per  ton.  If  the  Steel 
Corporation  had  carried  all  of  its  own  ore,  the  profit  per  ton  would 
have  averaged  considerably  higher.  The  proportion  of  its  ore  ship- 
ments by  boats  of  other  carriers  in  1910  was  about  three-eighths 
of  its  total  shipments.  The  above  figure  of  the  int^^ation  cost  of 
Lake  transportation  per  ton  for  ail  the  ore  of  the  Steel  Corporation 
does  UQt  show  the  net  cost  for  the  transportation  of  its  own  ore  in 
its  own  vessels;  this  was  about  $0.55  per  ton. 

The  average  coat  of  transporting  the  ore  from  the  mines  to  lower 
Lake  porta  was  thus  reduced'  from  $1.49  per  ton  to  only  $1.01  per 
ton.  The  intennediate  profit  of  $0.48  per  ton  constituted  the  entire 
return  from  this  part  of  the  ore  traffic  on  the  investment  in  the  rail- 
roads and  Lake  vessels.  This  traffic  was  the  chief  part  of  their  trans- 
portation business.  However,  this  profit,  as  shown  elsewhere,  was 
very  large.     (See  p.  504.) 

Total  cost  at  loweb  Lake  posts. — ^Adding  to  the  cost  at  mine 
the  rail  and  Lake  freights,  discussed  above,  and  the  general  diarges, 
principally  administrative  expenses  and  taxes,  gives  the  total  cost 
of  ore  at  lower  Lake  ports.  Most  of  these  expenses  relate  to  the 
business  of  ore  mining,  but  in  part,  also,  to  the  commercial  and  other 
business  activities  of  the  ore  mining  company.  The  average  com- 
pany or  book  cost  of  all  Lake  Superior  ore  delivered  at  lower  Lake 
ports  was  $2.88  per  ton;  the  average  transportation  profit  was  $0.48 
per  ton;  and  the  integration  cost  was  $2,40  per  ton.  For  aU  Bessemer 
ore  the  average  company  or  book  cost  at  lower  Lake  ports  was  $2.91 
per  ton;  the  transportation  profit,  $0.50  per  ton;  and  the  integration 
cost,  $2.41  per  ton;  while  for  all  non-Bessemer  ore  the  average  com- 
pany or  book  cost  was  $2.85  per  ton;  the  transportation  profit,  $0.45 
per  ton;  and  the  integration  cost,  $2,40  per  ton.  The  integration  cost, 
as  already  noted,  is  a  cost  which  does  not  include  any  return  on  the 
uivestment  in  the  agencies  of  ore  transportation  in  so  far  as  this  part 
of  the  traffic  is  concerned. 
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Section  3.  Comparison  of  Steel  Corporation's  costs  for  Kesabi,  Ver- 
milion, and  Xichigan  ranifes  tor  1910. 

The  preceding  table  shows  the  cost  for  all  of  the  production  of  Lake 
ore  of  the  Steel  Corporation  in  1910.  The  coats  by  specific  ranges 
iire  of  particular  interest  as  showing  the  situation  with  respect  to  the 
cost  of  production  on  those  ranges  in  which  the  Steel  Corporation 
earns  its  rail  transportation  profits. 

In  the  foUowii^  table  are  given,  separately,  the  average  costs  of  ore 
for  the  Mesabi  Rai^e,  and  the  Vermilion  Range,  which  have  very  dif- 
ferent mine  costs  and  from  which  the  Steel  Coiporation  has  its  own 
railroads,  and  also  for  the  Michigan  rang;es  (i.  e.,  the  Menommee, 
Gogebic,  and  Marquette),  for  which  the  average  coats  at  lower  Lake 
porta  are  not  widely  different,  and  from  which  the  Steel  Corporation 
ships  its  ore  over  outside  railroads. 

T.EM  m.-STEEL  CORPORATION'S  BOOK  COST  PBK  QBOBS  TON  OF  ORB  PROM  THE 
HESABI,  VERUILION,  AND  UlCHIOAN  RANOBB  AT  LOWER  LAKE  PORTS,  AS  SHOWN 
BY  PRODUCING  COMPANIES'  COST  SHEETS,  APPROXMATB  INTERCOMPANY 
PROFITS  INCLUDED  THEREIN,  AND  INTEORATION  COST,  AS  SHOWN  BY  THE  REC- 
ORDS OF  THE  CORPORATION,  FOR  IMO. 
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The  total  production  of  Lake  ore  by  the  Steel  Corporation  for  the 
year  1910,  as  already  shown,  was  23,010,216  toiM.  Of  this  total, 
17,875,059  tons,  or  77.7  per  cent,  were  from  the  Mesabi  Range,  1,338,1 1 0 
tons,  or  6.8  per  cent,  from  the  Vermilion  Range,  and  3,797,047  tons,  or 
16.5  per  cent,  from  the  Michigan  ranges. 

Cost  at  mine. — The  averse  cost  at  mine  for  the  Mesabi  Range 
was  only  $1.05  per  ton  as  compared  with  $1.45  per  ton  for  the  Ver- 
milion Range  and  $1.89  per  ton  for  the  Michigan  ranges.  These 
differences  were  due  laigely  to  differences  in  the  cost  of  labor 
which  averaged  only  $0.21  per  ton  for  the  Mesabi  Range  as  gainst 
$0.57  per  ton  for  the  Vermilion  Range  and  $0.91  per  ton  for  the 
Michigan  ranges.  The  comparatively  low  labor  cost  for  the  Mesabi 
Range  was  due  laigely  to  tJie  nature  of  the  ore  deposits  which  lie 
so  near  the  surface  that  a  large  proportion  of  the  ore  can  be  econom- 
ically mined  by  the  open-pit  system. 

There  was  ^so  a  large  difference  between  the  costs  of  supplies  for 
the  Mesabi  and  the  other  ranges  which  was  also  due  principally  to 
the  open-pit  system  of  mining.  The  average  cost  of  supplies  was 
$0.11  per  ton  for  the  Mesabi  Range,  and  $0.30  per  ton  for  both  the 
Vermilion  and  the  Michigan  ranges. 

The  item  of  depreciation  averted  $0.34  per  ton  for  the  Mesabi 
Range,  this  including  the  absorption  of  stripping  expenditures, 
averagiog  $0,16  per  ton.  For  the  Vermilion  Range  the  average 
depreciation  charge  waa  only  $0.12  per  ton,  and  for  the  Michigan 
ranges  $0,21  per  ton.  No  stripping  costs  appear  for  the  Vermilion  or 
Michigan  ranges. 

The  royalty  payments,  as  already  noted,  were  averaged  over  the 
total  production  and  were  $0.34  for  the  Meaabi,  $0.39  for  the  Ver- 
milion, and  $0.33  for  the  Michigan  ranges.  The  average  royalty  on 
the  ore  mined  from  leased'  properties  was  higher  than  the  averages 
shown  in  the  table.  The  average  royalty  payment  per  ton  by  ranges 
on  the  ore  mined  from  leased  properties  for  Uie  year  1910  was  as  follows : 

Mesabi  Range W.35 

Vermilion  Ranj^ 42 

Michigan  ranges 36 

The  abnormally  high  royalty  paid  on  the  "  Hill  "  ore,  all  located  on 
the  Mesabi  Range,  had  the  effect  of  increasing  the  royalty  charge  on 
the  production  from  royalty  mines  only  on  that  range  by  $0.07  per 
ton.  The  average  royalty  on  ore  mined  from  leased  properties, 
excluding  that  mined  from  the  "Hill"  lease,  was  $0.28  per  ton,  and 
the  average  royalty  on  the  ore  mined  from  the  "Hill"  lease  was 
$0.83 '  per  ton,  or  almost  exactly  three  times  as  much. 

I  This  IB  «zclU8lre  ol  Imispaitatloa  md  docliagc  ctutrgea  vblch,  Id  BccoidAUce  vitli  tbe  lease,  ul  inoladed 
under  Uie  royaltf  rate  achedule. 
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Rail  and  Lake  freight. — The  average  company  or  book  cost 
of  rail  freight  from  the  Meaabi  Range  was  $0.80  per  ton,  and  the 
average  freight  profit  on  the  total  shipments  was  S0.39  per  ton.  The 
average  freight  profit  was,  of  course,  considerably  lower  than  it 
would  have  been  if  all  the  ore  had  gone  over  the  lines  of  tiie  Steel 
Corporation.  A  considerable  proportion  was  hauled  by  the  Great 
Northern  Railway,  If  the  profits  earned  by  the  Steel  Corporation's 
railroads  (Duluth,  Missabe  &  Korthem  and  Duluth  &  Iron  Range) 
were  averaged  over  the  ore  of  the  Steel  Corporation  carried  from  the 
Mesabi  Range  by  those  roads  only,  the  average  profit  would  have 
been  approximately  $0.45  per  ton  instead  of  $0.39  per  ton.  How- 
ever, this  average  transportation  profit  of  $0,39  per  ton  for  the  Steel 
Corporation's  ore  shipped  from  the  Mesabi  Range  had  the  effect  of 
reducing  its  rail  freight  from  a  gross  chaige  of  $0.S0  to  an  intc^a^ 
tion  cost  of  $0.41  per  ton. 

The  average  company  or  book  cost  of  rail  freight  from  the  Ver- 
milion Range  was  $0.09  per  ton,  and  the  average  transportation 
profit  was  $0.52  per  ton.  The  ore  shipped  from  this  range  was 
handled  by  the  Steel  Corporation's  railroad  (Duluth  &  Iron  Range) 
exclusively.  Deducting  the  averse  profit  from  the  average  freight 
chaj^e  gives  an  integration  cost  for  rail  frei^t  of  $0.47  per  ton  for 
the  ore  from  the  Vermilion  Range. 

The  average  cost  of  rail  freight  from  the  Michigan  ranges  to  upper 
Lake  ports  was  $0.37  per  ton.  This  averi^e  rate  did  not  indude 
any  intercompany  profit  accruing  to  the  Steel  Corporation  as  it  had 
no  railroad  running  from  the  Michigan  ranges. 

Both  the  Mesabi  and  Vermilion  Ranges  shipped  their  ore  to  ports 
at  the  head  of  Lake  Superior,  all  of  which  had  the  same  rate  to  lower 
Lake  ports.  (See  p.  46.)  Consequently,  their  Lake-fre^ht  chaiges 
averaged  the  same,  namely,  $0.76  per  ton,  and  also  the  profits  from 
Lake  transportation,  namely,  $0.14  per  ton.  The  integration  cost  of 
Lake  freight  for  the  ore  of  these  two  ranges,  therefore,  was  identical, 
namely,  $0.62  per  ton. 

The  Lake-freight  chaiges  on  the  ore  from  the  Michigan  ranges 
averted  $0.69  per  ton.  The  ore  from  the  Michigan  ranges  was 
shipped  from  different  upper  Lake  ports  (see  p.  33)  than  that  from 
the  Mesabi  and  Vennihon  Ranges  and  the  Lake  rates  were  lower, 
except  from  Ashland,  which  served  the  Gogebic  Range.  -The 
average  Lake  transportation  profit  on  the  ore  from  the  Michigan 
ranges  was  $0.13  per  ton  or  only  $0,01  per  ton  less  than  on  the  ore 
shipped  from  the  ports  at  the  head  of  Lake  Superior.  Deducting 
the  profit  of  $0.13  per  ton  gives  an  integration  cost  of  Lake  freight 
from  the  Michigan  range  ports  of  $0.56  per  ton. 

Total  cost  at  lower  Lake  ports. — ^The  average  company  or 
book  cost  of  Lake  ore  dcUvered  at  lower  Lake  ports  was  $2.79  per 
77232°— 13-  — Zl 
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ton  for  the  Mesabi  Bange,  S3.37  per  ton  for  the  Vermilion  Rai^, 
and  $3.08  for  the  Michigan  ranges.  Deducting  the  intercompany 
profit  of  $0.53  per  ton  for  the  Mesabi  Range,  S0.66  per  ton  for  the 
Vermilion  Range,  and  S0.13  per  ton  for  the  Michigan  ranges  gives  an 
integration  cost  of  $2.26  per  ton  for  the  Mesabi  Range,  $2,71  per  ton 
for  the  Vennilion  Range,  and  $2.95  per  ton  for  the  Michigan  ranges. 
As  stated  above,  it  should  be  remembered  that  these  int^rstion 
costs,  to  the  extent  that  they  take  out  all  transportation  profit, 
allow  no  return  on  the  investment  in  these  transportation  agencies 
in  so  far  as  they  are  used  for  this  part  of  the  ore  traffic. 

Section  4.  Comparison  of  Steel  Corporation's  cost  by  mines  and  relation 
of  ontpnt  to  cost  for  1909. 

It  is  interesting  to  show  the  differences  in  the  cost  of  ore  at  mine 
for  different  mines.  This  has  been  done  for  the  43'  mines  operated 
by  the  Steel  Corporation  during  the  year  1909,  the  costs  for  the 
separate  mines  not  being  obtained  for  1910. 

Before  taking  up  these  costs  in  detail  it  is  desirable  to  call  attention 
briefly  to  the  fact  that  the  average  cost  at  mine  of  the  Steel  Corpora- 
tion's total  production  of  Lake  ore  in  1909  was  $1.01  per  ton,  as 
against  an  average  cost  for  1910  of  $1.21  per  ton.  A  comparison  of 
the  items  of  coat  for  the  two  years  is  given  in  the  following  table: 


Item. 

■™ 

1909 

Inatue. 

25.010,218 

31,iSS,l« 

1,965.075 

.02 

10.30 
.02 

.n 
.» 

.71 

1.21 

"■ 

■  Includltig  9tr1pplQg. 

>  Not  tndndiag  gtatiti  tai  uUnlnlstntlve  trptam  wblch  ii  a  put  at  ttic  total  cost  at  iowa  Ltit  poila 
(*M  p.  380). 

The  greater  part  of  the  increase  in  cost  was  in  the  items  of  depre- 
ciation—a more  or  less  arbitrary  charge — and  royalty.  Practically 
the  entire  increase  in  the  item  of  royalty  of  $0.07  per  ton  was  duo 
to  a  larger  tonnage  mined  from  the  "Hill"  lease  in  1910  than  in  1909, 
namely,  2,152,976  tons  as  compared  with  41,624  tons. 
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HaTing  pointed  out  this  difference  in  the  total  mine  cost  foi  all 
mineB  coUectively  ip  the  two  years,  a  compariBon  between  the 
detailed  costs  of  individual  mines  for  the  year  1909  will  now  be  taken 
up.    This  comparison  is  given  in  the  followii^  table: 

TiKj;  H3.— COST  AT  IDNB,  EXCLUSIVE  OF  OENERAL  ADIONIBTRATIVE  EXPENSES 
AND  TAXES,  OF  LAKE  BUFERIOR  IRON  OKE  FOR  EACH  OF  THE  IHNES  OF  THE 
BTEEL  COBPOKATION  (DE8IQNATFD  BY  NUllBEB}  AND  AVERAGE  FOR  ALL  UINSB, 
FOB  IMS. 

lExjliiistlOD  oC  *bbrcTlfttkiiu  ind  aymbdK  "(U.)"  Indintn  IfEnsMoM  raaex;  "(IClob.),"  UUUttu 
nii£n;  "a,"  two  DostibcMi  tram  Dnemliw,  ahoirliiiooatolQDdaTgniuoduidK 
"b,"  two  oast  elmU  Iroin  one  rnlUB,  ■howlng  oa*t  cf  mining  haid  org  and  tatt  (*•  MpwaMI;.) 
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Tabu  Itt.— COST  AT  UDIX,  BXCLUBIVE  OF  OBNEBAL  ADMINISTRATIVE  BXTENSES 
AND  TAXES,  OP  LAKB  SUPERIOR  IRON  ORE  FOR  EACH  OF  THE  UINES  07  THE 
STEEL  CORPORATION  (DESIGNATED  BY  NUMBER)  AND  AVEBAOE  FOR  ALL  MINES, 
FOR  leOft-GoDtlnmd. 
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Jn  this  table,  it  will  be  seen,  the  mines  have  been  arranged  according 
to  rank  in  cost  at  mine  and  have  been  designated  bj  number. 

It  is  not  necessary  to  comment  at  length  on  the  coat  Tariations  of  , 
iadividual  mines  shown  in  the  table.  The  cost  at  mine,  it  will  be 
noted,  ranged  from  $0.56  per  ton  to  t5.64  per  ton.  The  latter 
%ure,  howeTer,  is  abnormal,  probably  in  consequence  of  the  small 
output.  The  next  highest  cost  was  t2.%  per  ton,  and  there  was 
one  other  mine  with  a  cost  nearly  as  high.  It  will  be  noted  that  the 
mines  showii^  the  lowest  costs  are  located  on  the  Minnesota  ranges. 
Furthermore,  all  of  the  mines  having  a  cost  of  less  than  $0.75  per  ton, 
excepting  one  (No.  5),  were  open-pit  mines.  Very  low  labor  costs 
per  ton  generally  indicate  open-pit  mines. 

In  general,  there  was  a  marked  connection  between  low  cost  and 
large  production.  Thus,  of  the  10  mines  for  1909  having  a  mine  cost  of 
less  than  $1  per  ton,  6  had  an  aggregate  production  of  over  11,000,000 
tons,  and  the  remaining  4  had  an  ^gregate  production  of  nearly 
2,000,000  tons.  In  fact,  of  these  10  mines  having  a  cost  at  mine  of 
less  than  $1  per  ton,  only  2  had  a  production  of  less  than  600,000 
tons  each.  Although  always  an  important  factor,  volume  of  pro- 
duction was  by  no  means  invariably  the  controlling  factor  in  cost. 
Thus,  as  between  the  several  mines  with  a  production  of  approxi- 
mately 1,750,000  tons  each,  there  were  very  wide  differences  m 
cost.  This  was  partly  due  to  differences  in  depreciation  and  royalty. 
Nevertheless,  the  statement  holds  true  generally  that  a  rather  high 
cost  went  hand  in  hand  with  a  small  production.  While  low  costs 
generally  went,  therefore,  with  lai^e  production,  the  open-pit  sys- 
tem of  mining,  as  noted  more  particularly  below,  was  esptecially 
characterized  by  low  costs,  and  this  system  of  exploitation  facilitated 
large  production. 

The  influence  of  large  production  on  cost  is  further  shown  in  the 
following  table,  which  gives  the  cost  at  mine  for  the  Steel  Corpora- 
tion's total  production  of  ore  for  1900,  in  which  the  several  mines  are 
grouped  on  the  basis  of  differences  in  cost  at  mine. 

TiELE  114.-C08T  OF  LAKE  eUPERIOB  IRON  ORE  FOB  THE  HDIES  OF  THE  STEEL  COR- 
PORATION  QBOUFED  ON  THE  BASIS  OF  DIFFERENCES  IN  COST  AT  lONE  FOR  THE 
YEAR  1909. 
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Of  the  totol  production  of  21,355,141  tons,  13,362,260  tons,  or  62.6 
per  cent,  were  produced  by  10  mines  at  an  average  cost  at  mine 
of  only  $0.68  per  ton  as  compared  with  an  aTerago  cost  at  mine  for 
the  remainii^  33  mines  of  SI  .65  per  ton.  The  10  mines  above 
referred  to  had  an  average  production  per  mine  of  1,336,226  tons, 
while  the  remaining  33  mines  had  an  average  production  of  only 
242,209  tons. 

The  inQuence  of  output  on  the  cost  of  production  is  shown  even 
more  plainly  by  the  same  cost  data  grouped  on  the  basis  of  pro- 
duction per  mine.  In  the  following  table  three  main  groups  are 
made,  namely,  open-pit  mines  on  the  Mesabi  Range,  underground 
mii)es  on  the  Mesabi  Range,  and  all  mines  on  the  Old  Ranges.  Such 
a  grouping  is  necessary  in  order  to  show  properly  the  effect  of  the 
factor  of  tonnage  inasmuch  as  the  technical  methods  are  obviously 
quite  different  for  the  first  two  groups  while  the  general  character 
of  the  Mesabi  ore  deposits  is  distinctly  more  favorable  to  cheap 
mining  than  that  of  the  Old  Ranges. 

Tablb  14S.-C0ST  AT  UINE  OY  LAKE  SUFERIOE  IRON  ORE  FOR  UmES  OF  THE  BTBGL 
CORPORATION  QROCPED  ON  THB  BASIS  OF  ANNUAL  PRODUCTION  PER  MINE  (II 
UE8ABI  RANGE  OPEN-PIT  UINES,  (2)  HESABI  RANGE  nNDEROBOUND  AND  OTHER 
lONEB,  (3)  OLD  RANQE  UINE3,  FOR  19W. 
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As  between  the  three  principal  groups  of  mines  here  ahovn,  the 
broad  considerstion  should  be  noted  Uiat  differences  in  cost  were 
dependent  on  the  technical  and  natural  conditions  of  mining  as  well 
as  on  differences  in  tonnage. 

The  average  output  per  uiine  for  the  open-pit  mines  on  the  Mesabi 
Rai^e  was  1,150,736  tona,  and  the  average  output  per  mine  for  the 
undei^roimd  mines  on  the  Mesabi  Range  was  only  363,980  tona. 
The  average  output  per  mine  on  the  Old  Kangee,  all  of  which  were 
undeiground,  was  still  lower,  namely,  243,782  tons. 

The  average  CQst  at  mine  was  S0.66  per  ton  for  the  open-pit  mines 
on  the  Mesabi  Bange,  $1.14  per  ton  for  the  underground  mines  on 
the  Mesabi  Range,  and  $1.75  per  ton  for  the  mines  on  the  Old  Ranges. 

On  the  Meeabi  Range  there  were  five  open-pit  mines  with  a  pro- 
duction in  excess  of  1,000,000  tons  each.  The  production  of  four  of 
the  five  mines  was  over  1,500,000  tons  each,  and  one  mine  produced  in 
excess  of  3,000,000  tons.  Only  two  underground  mines  on  the  Mesabi 
Range  produced  in  excess  of  600,000  tons.  The  production  of  one 
was  632,509  and  the  other  1,775,916  tons.  There  was  but  one  mine 
on  the  Old  Ranges  (Vermilion  and  Michigan  ranges)  which  had  a 
production  of  more  than  1,000,000  tons;  this  mine  produced  1,086,529 
tons.     The  nearest  to  this  was  a  production  of  622,141  tons. 

An  examination  of  the  table  shows  that,  broadly  speaking,  for  each 
group,  the  average  costs  of  mining  tended  to  be  lower  for  mines 
having  large  production  as  compared  with  those  having  a  smaller 
production.  This  is  not  always  the  case,  however,  because  various 
other  factors  besides  volume  of  output  affect  the  average  cost  per 
ton. 

Section  6.  Profits  on  ore  sold. 

The  ore  mining  subsidiary  of  the  Steel  Corporation,  namely,  the 
Oliver  Iron  Mining  Co.,  sold  or  transferred  its  ore  at  a  very  large 
profit,  as  is  shown  by  the  following  table: 


Tabu  i*B.-B0OK  COSTS,  PRICES,  AND  PROFITS  POR  ORB  SOLD  OR 
BY  THE  OLIVER  IRON  MINING  CO.  IN  1910. 
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It  appears  from  this  table  that  the  costs  of  Old  Range  and  Messbi 
ores  did  not  differ  much  between  the  two  grades,  though  the  non- 
Bessemer  grade  had  a  lower  cost  in  each  case.  The  Old  Kange  ores, 
as  already  shown,  cost  much  more  than  the  Mesabi  ores. 

The  highest  average  price  was  received  for  Bessemer  ores,  while  that 
for  Old  Bsnge  Bessemer  was  mnch  higher  than  for  Mesabi  Bessemer. 
The  Old  Range  non-Bessemer  ore  also  commanded  a  higher  price  than 
the  Mesabi  non-Bessemer.  Although  the  higher  cost  of  Old  Range 
Bessemer  ore  partly  offset  the  higher  price,  the  profit  on  this  grade 
was  the  highest,  namely,  12.06  per  ton.  Mesabi  Bessemer  ore  showed 
the  next  highest  profit,  namely,  $1.68  per  ton.  The  profit  for  Mesabi 
non-Bessemer  was  only  $0.75  per  ton,  as  against  $1.16  per  ton  for 
Old  Range  non-Besaemer  ore.  The  average  profit  for  Bessemer  ore 
was  $1.76,  and  for  non-Bessemer  ore  $0.82,  while  the  average  profit 
on  both  grades  combined  was  $1.30  per  ton. 

There  were  considerable  discrepancies  between  the  base  prices 
quoted  in  the  market  and  the  actual  average  prices  received.  Thus, 
for  Old  Range  Bessemer  ore  the  base  price  was  $5  per  ton,  as  against 
average  proceeds  of  $5.27.  The  higher  price  realized  was  probably 
due  to  the  fact  that  the  average  grade  flipped  was  better  than  the 
base  grade  for  which  the  price  quoted  was  made.  For  Mesabi  Bes- 
semer ore,  on  the  other  hand,  the  base  price  was  $4.75  and  aver^ 
proceeds  only  $4.51.  The  difference  in  this  case  was  due  probably 
to  the  fact  that  the  average  grade  shipped  was  inferior  to  the  base 
grade.  Similarly,  for  Old  Range  non-Bessemer  ore  the  base  price 
was  $4.20  and  the  actual  average  proceeds  $4.27  per  ton,  while  for 
Mesabi  non-Bessemer  the  base  price  was  $4,  and  ^e  actual  average 
proceeds  were  only  $3.54  per  ton. 
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CHAPTER  XV. 

STEEL   COBFOBATION'S   UTTEaBATIOIT   COSTS    OF   COKE 
FOB  1910. 

Section  1.  Introductorr- 

The  uses  of  coke,  the  deposits  and  character  of  coking  coal,  and 
a  description  of  coking  plants  and  proceaaea  have  already  been  noted. 
(See  pp.  58-62.) 

The  great  bulk  of  the  coke  of  the  Steel  Corporation  was  produced 
in  the  Connellsville  district  in  beehive  ovens,  but  there  were  two  im- 
portant subcompanies  which  made  by-product  coke  in  1910.  It  is 
oaiy  in  the  case  of  the  by-product  coke  costs  that  intermediate  profits 
appear. 

Section  2.  Steel   Corporation's  integration  cost  of  beehive  coke  for 
1910. 

The  Northern  beehive  coke  of  the  Steel  Corporation  in  1910  was  pro- 
duced by  three  companies,  two  in  the  Connellsville  district,  the  H.  C. 
FrickCoke  Co.  and  the  Hoatetter-Connellsville  Coke  Co.,  and  one  in 
the  Pocahontas  district,  the  United  States  Coal  &  Coke  Co.  The  costs 
of  mining  coal  and  coking  it  are  shown  combined,  according  to  the 
practice  of  these  companies.  Although  the  method  of  cost  keeping 
practiced  by  these  companies  did  not  involve  the  inclusion  of  any 
integration  profits,  their  costs  are  of  importance,  as  entering  into 
the  cost  of  pig  iron  and  subsequent  products,  and  are,  therefore, 
given  in  the  following  table: 

Tabis  UT.— steel  CORPORATION'S  AVERAGE  COST  PER  NET  TON  OF  BEEHIVE  COKB 
IN  THE  CONNELLSVILLE  AND  POCAHONTAS  DISTRICTS,  AS  SHOWN  BY  PRODUCINO 
COMPANIES'  COST  SHEETS  (WHICH  DO  NOT  INCLUDE  ANY  INTERCOMPANY  PROFIT), 
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The  production  of  tlie  H.  C.  Frick  Cote  Co.  was  so  large  in  com- 
pariBon  with  the  other  two  that  the  average  cost  of  the  total  produc- 
tioD  is  very  nearly  the  same  as  the  cost  for  the  Frick  company. 

The  cost  of  labor,  SI  .07  per  net  ton  for  the  CoimeUsviUe  district  and 
SI  .06  per  net  ton  for  the  Pocahontas  district,  included  the  cost  of  | 
labor  in  mining  and  coking  the  coal,  and  was  by  far  the  most  important  i 
item  of  coke  cost. 

Materials  cost  S0.22  per  net  ton  of  coke  for  the  Connellsville  district 
and  S0.26  per  net  ton  for  the  Pocahontas  district.  Kepairs  and 
general  expense  also  were  higher  for  the  Pocahontas  district  than  for 
the  Connellsville  district.  | 

Connellsville  coking  coal  was  chiefly  owned  in  fee,  so  that  moat  of  the 
item  of  depreciation  for  that  district  (S0.18  per  net  ton)  was  for  extin- 
guishment of  the  coal.  In  the  Pocahontas  district,  however,  the  coal 
deposits  were  operated  under  lease,  so  that  in  this  case  the  item  of 
depreciation,  namely,  S0.06  per  net  ton,  represented  only  the  dete- 
rioration of  the  mine  improvements  and  the  coke  ovens. 

For  both  the  Connellsville  and  the  Pocahontas  districts  there  were 
certain  credits  to  cost  as  reckoned  .by  the  companies.     These  credits    I 
averaged  $0.07  per  net  ton  of  coke  for  the  Connellsville  district  and 
SO. 08  per  net  ton  for  the  Pocahontas  district.     The  most  important    | 
item  of  credit  was  from  the  rent  of  houses  to  employees. 

The  total  book  cost  of  coke  per  net  ton  was  $1.54  for  the  Con-    , 
nellsvillfl  district  and  SI  .65  for  the  Pocahontas  district.    These  coete,    . 
as  already  stated,  were  also  net  costs,  because  no  intercompany  prohts 
were  included  therein. 

It  may  be  noted  that  the  average  cost  of  sales  and  transfers  of 
Connellsville  coke  in  1910  was  $1.S8,  or  $0.04  higher  than  the  aver- 
age cost  of  production.  The  average  price  received  for  Connellsville 
coke  was  $2.03  per  net  ton  and  the  average  profit,  therefore,  was  $0.46. 

Section  3.  Steel  Corporation's  integration  cost  of  by-product  coke  for 
1910. 

Only  a  comparatively  small  tonnage  of  the  coke  produced  by  the 
Steel  Corporation  in  1910  was  made  in  by-product  ovens,  these  coke 
plante  being  located  at  certain  steel  works.  For  by-product  coke  the 
costs  of  mining  the  coal  used  were  all  included  in  the  item  of  coal. 

The  table  following  shows  the  production  of  Northern  by-product 
coke  at  two  important  works  in  1910,  which  comprised  all  by-product 
coke  directly  produced  by  the  Steel  Corporation  in  that  year. 
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TUU  MB.— STSZI.  COBFOBATIOK'B  BOOK  COST  0¥  BY-FBODDCT  COKK  ?XB  MET  TON, 
AS  BHOWN  BY  PBODOCtNQ  OOUF AMISS'  COST  SHBETS,  AFPROXIUATE  INTEItCOlf- 
PANT  FBOFITB  INCLUDED  THEREIN,  AND  INTBOBATION  COST,  AS  SHOWN  BY 
THE  BBCOBDS  OF  THE  COBFORATION,  FOB  IHO. 
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Tbe  total  production  of  by-product  coke  covered  by  tbe  forgoing 
statement  is  1,474,447  net  tons.  To  produce  tbifl  quantity  required 
1,919,257  net  tons  of  coal,  indicating  a  yield  of  76.8  per  cent.  Tbis 
was  considerably  bigher  tban  tbe  aTerage  yield  for  all  companies  for 
the  period  1902  to  1906,  wbicb  ranged  from  63.9  per  cmt  in  1902  to 
71.9  per  cent  in  1906.     (See  p.  74.) 

Tbe  company  or  book  cost  of  tbe  Steel  Corporation's  production 
of  by-product  coke  in  1910  at  tbeae  two  important  works,  alter 
deducting  tbe  credits  for  "breeze"  (fine  coke  not  suitable  for  fur- 
nac^)  and  for  by-products,  was  $3.69  per  net  ton.  Tbis  cost  de- 
pended cbiefly  on  tbe  cost  of  coal,  wbicb  included,  of  course,  a  con- 
siderable freigbt  expense  for  bringing  it  to  the  coke  ovens,  because 
these,  as  noted  above,  were  located  at  the  steel  plants.  Tbe  company 
or  book  cost  of  coal  was  $3.6S  per  net  ton  of  coke  produced  as  f^ainst 
a  net  book  cost  of  coke  of  $3.69  per  net  ton.  Tbe  price  of  tbe  coal  at 
the  ovens  was  $2.S2  per  net  ton,  tbe  cost  of  waste  in  coking  was  $0.86 
per  net  ton,  and  tbe  net  coat  of  coking  only  $0.01  per  net  ton.  In 
other  words,  tbe  credits  counterbalanced  practically  all  the  costs  of 
coking,  other  than  tbe  ^.oat  of  coal. 
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The  producing  labor  and  other  costs,  as  already  indicated,  include 
only  those  at  coke  ovens,  as  this  labor  and  other  costs  at  the  acces- 
sory by-product  recovery  plant  are  kept  separately  and  deducted 
from  the  gross  value  of  the  by-products.  The  rebuilding  fund  is 
substantially  a  depreciation  allowance. 

The  gross  book  cost  of  the  coke  was  $4.27  per  net  ton.  Against 
this  gross  cost  the  value  of  the  by-products,  leas  the  expense  of 
operating  the  by-product  department,  was  customarily  credited. 

The  by-producis  consisted  of  fuel  gas,  tar,  and  ammonia.  The 
value  of  fuel  gas  was  $0.21  per  net  ton  of  coke,  the  value  of  tar  was 
$0.13  per  net  (on  of  coke,  and  the  value  of  sulphate  of  ammonium  and 
anmioniacal  hquor  was  $0.44  per  net  ton  of  coke,  making  a  total  value 
of  by-products  of  $0.78  per  net  ton  of  coke.  From  this  must  be  de- 
ducted the  expenses  of  operating  the  by-product  department — labor, 
ateam,  sulphuric  acid,  etc. — which  averaged  SO. 20  per  net  ton  of  coke, 
giving  a  credit  of  $0.58.  The  deduction  of  this  credit  leaves  a  cost  of 
$3.69  per  net  ton  of  coke,  as  stated  above. 

In  this  company  or  book  cost,  as  shown  by  the  table,  there  was  an 
intercompany  profit  included  in  the  price  of  the  coal  used  which 
accrued  to  subsidiary  coal  companies  of  the  Steel  Corporation.  This 
intercompany  profit  averaged  $0,34  per  net  ton  of  coke  produced. 
Deducting  this  item  of  intercompany  profit  from  the  cost  of  the  coal 
used  reduces  the  coal  cost  from  $3.68  per  net  ton  of  coke  to  $3.34. 

As  this  was  the  only  item  of  intercompany  profit  affecting  the  com- 
pany or  book  cost  of  coke  at  these  works,  the  gross  cost  of  coke  at 
ovens  and  the  net  cost  were  reduced  in  exactly  the  same  measure  as  the 
cost  of  the  coal  used.  The  final  effect  of  the  elimination  of  this  profit 
is  seen,  of  course,  in  the  cost  of  coke,  which  was  reduced  from  $3.69 
to  $3.35  per  net  ton. 

This  cost  represents,  therefore,  the  int^ration  coat  of  this  by- 
product coke,  without  allowing  any  return  on  the  capital  invested  in 
the  coal  mines  supplying  the  coal,  in  so  far  as  this  part  of  their  coal 
business  is  concerned. 

Some  idea  of  the  advantage  of  producing  by-product  coke  instead 
of  using  Connellsville  beehive  coke  is  obtained  by  adding  to  the  cost 
of  Connellsville  beehive  coke  ($1.54  per  net  ton)  the  freight  to  the 
locations  of  the  by-product  ovens  for  which  the  coke  costs  were 
given  above.  This  gives  a  cost  of  Connellsville  beehive  coke  dehvered 
at  the  by-product  ovens  or  steel  plants  of  $3.63  per  net  ton,  whereas 
the  integration  cost  of  by-product  coke  is  $3.35  per  net  ton,  a  dif- 
ference of  $0,28  per  net  ton  in  favor  of  by-product  coke.  Such  a 
comparison  does  not,  of  course,  take  into  consideration  diflerencea 
in  quality  of  coke  or  diSerences  in  investment. 


n,s,t,..d:,i.  Google 


CHAPTER  XVI. 

STEEL   COBPOBATIOH'S    IFTEGBATIOH    COSTS    OF  PIG  IBOH 

FOB  1910. 
Section  1.  Introdnotory. 

The  pig  iron  produced  by  theSteel  Corporation  in  1910  was  of  three 
principal  kinds,  namely,  (1)  Bessemer  {produced  only  at  Northern 
fmnaces),  (2)  Northern  basic,  used  for  steel  making  in  basic  open- 
hearth  works,  and  (3)  Southern,  used  partly  for  foundry  purposes  and 
partly  for  making  basic  open-hearth  steel.  A  desciiptioti  has  already 
been  ^ven  of  the  kinds  of  pig  iron,  the  relations  of  cost  and  value, 
etc.     (See  pp.  77-84.) 

For  these  three  kinds  of  pig  iron,  which  included  all  the  grades 
important  for  steel  manufacture  in  1910,  the  Steel  Corporation's  pro- 
duction was  52.5  per  cent  of  the  total  production  in  the  United  States. 
Its  proportion  was  highest  with  respect  to  Bessemer  pig  iron,  namely, 
57.1  per  cent,  and  lowest  with  respect  to  Southern  pig  iron,  namely,  25 
per  c«nt. 

The  total  production  of  the  Steel  Corporation  for  these  three  kinds 
of  pig  iron  is  compared  with  the  total  production,  of  the  same  kinds 
of  pig  iron  in  the  United  States  for  the  year  1910,  in  the  following 
table: 

TiBW  1«.— COMPARISON  OF  STEEL  CORPORATION'S  PRODDCTION  OF  BE8SEHER. 
NORTHERN  BASIC,  AND  SOUTHERN  PIO  IRON  WITH  THE  TOTAL  PRODUCTION 
OF  THE  SAlfE  ORADES  IN  THE  UNITED  STATES,  FOR  ISIO. 


Kind  of  pig  iron. 

Total  United 

St«f>l 
Corporation. 

Par  cent 

Oroatmi. 

110,877,065 
■8,387,231 
•J,S36,7i6 

Of  own™. 
6,Z60,SM 
*,M3,177 

ses,27i 

Bouthem 

11,701,012 

11,397,984 



I.,  otlm  than  charooal). 


Section  2.  Steel  Corporation's  integration  cost  of  Bessemer  pig  iron 

for  1910. 

Bessemer  pig  iron  was  the  chief  kind  of  pig  Iron  produced  in  the 

United  States  in  1910  and  also  the  chief  kind  produced  by  the  Steel 

Corporation.    As  it  is  the  basis  for  the  cheapest  process  of  steel 
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making  (Bessemer),  itecost  of  production  is  a  matter  of  great  interest. 
Inasmuch  as  the  ore  and  o^er  metallic  materials,  howevw,  an 
charged  in  the  furnace  at  market  prices,  which  considerahly  exceed 
the  actutd  cost  delivered  at  the  furnace,  it  is  obvious  that  there  is  bo 
means  of  forming  a  definite  Idea  from  an  ordinary  company  cost  sheet 
of  the  real  cost  of  making  such  pig  iron.  This  is  a  matter  of  special 
importance  in  ihe  case  of  Bessemer  pig  iron,  because  the  Bessemer 
ores  are  those  which  command  the  hi^est  price  (other  conditions, 
such  as  iron  content  and  physical  structure,  being  similar). 

The  following  table  shows  the  average  furnace  cost  for  all  Bessemer 
pig  iron  (Northern  furnaces]  produced  by  the  Steel  Corporation,  as 
stu>wn  by  the  producing  companies'  books,  the  approximate  inter- 
company profits  included  in  the  several  items  of  cost,  and  the  integra- 
tion cost  as  shown  by  the  records  of  the  Steel  Corporation  for  the 
year  1910: 

Tabu  110.— STEEL  CORPORATION'S  PTTRNACE  COST  PER  0R0S8  TON  OP  VBSSEUER 
PIO  raON,  A8  SHOWN  BY  PRODOCINO  COlfPANIKS'  COST  BHEBTB,  AFPROXDIATB 
mTERCOMFANY  PROFITS  INCLUDED  THEREIN,  AND  INTEGRATION  FDHNACE 
COST,  AS  SHOWN  BT  THE  RECORDS  OF  THE  CORPORATION,  FOB  IMft 

i»;3Kjat  graa  tcnw.] 
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The  Steel  Corporation's  production  of  Bessemer  pig  iron  for  1910, 
as  already  shown,  was  6,269,534  tons,  or  67.1  per  c«at  of  the  total 
production  of  Uie  United  States. 
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Cost  of  matebiai.. — ^The  materials  for  the  production  of  Bessemer 
pig  iron  were  (1)  Bessemer  iron  ore,'  (2)  coke,  and  (3)  limeetone. 

The  company  or  book  cost  of  the  net  metallic  mixture  per  ton  of 
iron  was  S8.63j  of  coke,  $3.79;  ajid  of  Umeetone,  tO.42. 

Theee  book  costs  of  material  include,  as  shown  in  t^e  second 
column  of  the  table,  certain  intercompany  profits,  as  already  ex- 
plained above  (see  p.  374),  that  went  to  the  subsidiary  ore  minitig 
companies  and  coal  and  coke  companies  which  supplied  the  materials 
and  to  the  railroad  and  vessel  transportation  companies  trans- 
porting them.  The  amounts  of  profit  corresponding  to  this  inter- 
company profit  per  ton  constituted,  so  far  as  the  quantities  of  material 
used  in  making  this  pig  iron  were  concerned,  the  entire  remunOTa- 
tion  on  the  investment  in  sudi  anterior  stages  of  production  and 
transportation . 

It  will  be  noted  that  the  greater  part  of  the  total  intercompany 
profit  ($4.18  per  ton)  was  included  in  the  cost  of  the  ore  eoitering 
into  the  net  metolUc  mixture,  namely,  $3.6S  per  ton.  While  the  profit 
included  in  the  cost  of  ore  used  would  have  been  considerable  in  any 
manufacturing  company  which  produced  its  own  ore  and  entered  it 
on  the  cost  sheet  at  market  prices,  in  the  case  of  the  Steel  Corpora- 
tion it  was  greatly  enhanced  by  thefaet  that  the  antecedent  operations 
and  investment'  of  the  Steel  Corporation  were  more  diversified  than 
those  of  imy  other  company.  This  applied  particularly  to  the  profits 
earned  by  the  Steel  Corporation  in  tJie  transportation  of  ore  from 
the  mines  to  upper  Lake  ports  and  from  lower  Lake  ports  to  the 
furnaces.  On  this  account,  therefore,  the  deduction  of  the  intw- 
compony  profit  for  the  Steel  Corporation  resulted  in  a  much  lower 
integration  cost  than  would  be  found  in  any  other  case.  But,  on 
the  other  hand,  this  lower  cost  corresponded  to  a  much  greater 
investment. 

This  item  of  $3.68  intercompany  profit  in  the  net  metalUo  mixture 
was  substantially  the  profit  on  the  ore  used  and  corresponded  to  a 
profit  of  $2.08  per  ton  of  ore  in  the  average  price  of  the  ore  at  the 
furnace  ($4.81)-  This  average  profit  of  $2.08  per  ton  of  ore  was  reduced 
to  $2.05  per  ton  by  including  with  the  ore  small  quantities  of  scrap 
besides  cinder  and  scale  on  which  there  was  no  profit  which,  had 
the  effect  also  of  making  the  price  of  the  gross  metallic  mixture 
$4.85  per  ton  instead  of  $4.81,  the  average  price  of  the  ore.  The 
multiplication  of  the  ore  profit  was  due,  of  course,  to  the  fact  that 
considerably  more  than  1  ton  of  ore  was  required  to  produce  a  ton  of 
pig  iron.  It  required  an  average  of  1.82  tons  of  net  metallic  mixture 
to  produce  a  ton  of  Bessemer  pig  iron,  corresponding  to  an  average 

I  Small  qnantlUv  of  Iron  reap,  ciaatr,  ud  Boale  m  gmnally  uMd  In  ooaJnnsUaD  wltli  Uie  or«,Bnd 
lh«  agpegat*  is  known  u  groM  mstaJUc  mlitnn.  rnnn  theooital  groM  mMalllo  mlxMn  li  dsdnciMd 
Uie  vain?  of  scrap  racoverad  which  elvn  9»t  irf  Ui«  net  metallic  mlxton. 
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yield  of  55  per  cent.  It  ia  not  possible,  however,  to  reconcile  the 
above  profit  per  ton  with  the  transfer  and  transportation  profiis 
per  ton  of  ore  in  1910,  because  a  lai^e  part  of  the  ore  used  in  1910 
was  ore  delivered  in  1909  or  prior  years. 

The  item  of  intercompany  profit  shown  against  the  cost  of  coke ! 
per  ton  of  Bessemer  pig  iron,  namely,  $0.49  per  ton,  was  similar  in 
general  character,  of  course,  to  that  for  the  net  metallic  mixture 
already  discussed,  but  related  almost  entirely  to  coke  transfer  profits. 
The  amount  of  profit  corresponding  to  this  per-ton  profit  represented. 
80  far  as  the  particular  quantity  of  coke  here  considered  is  con- 
cerned, the  total  remuneration  on  the  investment  in  the  fmterior 
processes  of  mining  coal  and  making  coke.  Figured  on  the  coke 
used,  this  profit  item  of  $0.49  per  gross  ton  of  pig  iron  correeponded 
to  a  profit  of  $0.44  per  net  ton  of  coke.  The  average  quantity  ol 
coke  used  per  ton  of  Bessemer  pig  iron  was  1.11  net  tons  or  2,222 
pounds,  and  the  integration  price  of  the  coke  delivered  at  the  furnaces 
was  $2.97  per  net  ton. 

The  only  other  item  of  intercompany  profit  lai^  enough  to  appear 
in  the  table  was  $0.01  per  ton  on  the  limestone  used;  this  requires 
no  comment.  Deducting  these  items  of  intercompany  profit  from 
the  company  or  book  cost  of  the  respective  raw  materials  gives  the 
integration  cost  of  these  materials.  The  item  of  net  metallic  mix- 
ture is  thereby  reduced  from  $8.63  per  ton  of  pig  iron  to  $4.95  per 
ton.  The  item  of  coke  is  reduced  from  $3.79  per  ton  to  $3,30  per 
ton,  and  the  cost  of  limestone  by  $0.01— from  $0.42  per  ton  to 
$0.41  per  ton.  The  company  or  book  cost  of  the  combined  raw 
materials  is,  therefore,  reduced  from  $12.84  per  ton  to  only  $8.66 
per  ton. 

Cost  above  uateriai,. — The  total  cost  above  material,  which  does 
not  include  surplus  gas  credit,  was  $1 .24  per  ton.  Labor,  of  course,  wa.s 
the  most  important  item  of  cost  above  material;  the  average  cost  of 
labor  was  $0.55  per  ton,  comprising  44  per  cent  of  the  total  cosi 
above  material.  However,  the  labor  cost  amounted  to  only  4  per 
cent  of  the  furnace  cost,  as  shown  by  the  producing  companies' 
books.  It  should  be  noted  that  the  labor  costs  embraced  only  the 
charges  for  labor  which  were  classified  as  such  under  the  accountin;.' 
system  of  the  Steel  Corporation,  i.  e.,  producing  labor  and  labor  in 
repairs  and  maintenance.  There  was,  in  addition,  some  labor  in  other 
cost  items.  Furthermore,  the  item  of  labor  covered  the  labor 
expense  for  the  blast  furnace  department  only. 

The  average  coat  of  steam  was  only  $0.04  per  ton.  The  item  of 
steam,  as  the  term  is  used  here,  covers  the  net  expense  for  fuel  used  in 
generating  power  for  the  blowing  engines  or  for  other  power  required 
to  operate  the  blast  furnaces  for  both  steam  and  gas  engines,  as 
well  as  certain  minor  expenses  connected  with  these  power  plants- 
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The  average  cost  of  steam  for  the  Steel  Corporation's  planta  was 
mcoQsiderable,  as  the  fuel  for  the  steam  and  gas  engines  was  chiefly 
supplied  by  the  gea  from  the  blast  furnaces.  The  accoimts  of  the 
Steel  Corporation  are  kept  in  such  a  miuiner  as  to  show  the  cost  of  the 
cosl  used  in  making  steam  and  the  coal-equiTalent  value  of  the  gas 
used  by  the  steam  and  gas  engines.  From  this  gross  figure  is  deducted 
or  credited  the  coal-equivalent  value  of  the  utilized  gas.  The  gross 
ctet  of  steam  calculated  in  this  way  was  $0.41 '  per  ton  of  Bessemer  pig 
iron  produced  and  the  credit  for  gas  used  was  S0.37  per  ton,  making 
the  net  cost  of  steam  only  $0.04  per  ton. 

The  averf^e  cost  of  materials  in  repurs  and  maintenance  was 
10.09  per  ton. 

The  item  of  supplies  and  expense  was  quite  laj^,  namely,  $0.38 
per  ton.  There  are  a  multitude  of  miscellaneous  items  included  under 
this  caption,  the  more  important  of  which  are:  Tools,  lubricanta  and 
miBcellfmeous  supphes,  water,  electric  light  and  power,  yard  switch- 
ing, shop  expense,  and  general  works  expense. 

The  recurring  expense  of  relining  the  blast  furnaces  is  provided  for 
by  a  fixed  charge  to  cost  of  production.  In  this  way  the  expense,  as 
affecting  cost,  is  equalized.  The  provision  for  this  purpose  was 
$0.18  per  ton  of  Bessemer  iron  produced  for  every  furnace  plant  of 
the  Steel  Corporation.  It  is  understood  that  at  the  present  time  this 
charge  is  specifically  determined  for  each  furnace. 

There  was  no  intercompany  profit  of  any  importance  in  the  items 
of  cost  above  materia.  The  item  of  materials  in  repairs  and  main- 
tenance included  an  intercompany  profit  of  $0,001  per  ton  of  iron. 
This  small  profit,  which  could  not  be  expressed  in  the  table  was, 
however,  offset  by  a  loss  of  $0,001  in  yard  switching  included  under 
supplies  and  expense. 

Gas  obedit. — ^An  interesting  feature  in  the  cost  statement  is  a  credit 
item  of  $0.19  per  ton  of  pig  iron  for  surplus  gas  furmshed  by  the  blast 
furnaces  to  other  departments  of  the  plant  where  the  furnaces  were 
located.  This,  of  course,  reduced  the  total  cost.  This  credit  of 
t0.19  per  ton  for  surplus  gas  furnished  other  departments  was  in 
addition  to  the  credit  of  $0.37  per  ton  for  gas  used  at  the  furnaces. 
Furnace  cost. — The  company  or  hook  furnace  cost  of  the  Steel  Cor- 
poration's production  of  Bessemer  pig  iron  for  1910  was  $13.89  per  ton, 
and  the  intercompany  profit  included  therein  was  $4.18  per  ton.  The 
furnace  cost,  as  shown  by  the  producing  companies'  cost  sheets,  b 
reduced,  therefore,  from  $13.89  per  ton  to  an  integration  cost  of 
19.71  per  ton.  This  constituted  the  furnace  cost  of  the  Bessemer 
pig  iron  produced  by  the  Steel  Corporation  ■?athout  any  return  on 

'  Tlik  tndudes  also  the  coat  ol  inirU;lD|  tlw  iHnisce  gas  foi  um  In  tlie  blowing  mg&MS  vbloli  aienfad 
ooly  Dne-haU  cent  per  ton. 
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tlie  investment  in  minii^  and  transporting  the  ore  or  mining  asd 
coking  tHe  coal. 

If  the  assumed  normal  charge  of  $0.50  per  ton  of  pig  iron  for 
additional  costs  of  general  expense  and  depreciation  (see  p.  373)  were 
added,  the  total  book  cost  would  be  $14.39  and  the  total  integration 
coet  S10.21  per  ton. 

Comparison  or  coers  at  mffebent  fubnaci  PLAura. — A  com- 
parison of  the  costs  at  each  of  the  21  different  furnace  plants  of  the 
Steel  Corporation  producing  Bessemer  pig  iron  in  1910  shows  marked 
variations  in  costs  of  assembling  material  and  in  operating  efficiency. 

In  the  following  table,  therefore,  are  given  the  company  or  book 
furnace  costs  of  all  the  plants  of  the  Steel  Corporation  which  pro- 
duced Beasemer  pig  iron  in  1910.  The  plants  have  been  de»gnated 
by  letters  and  arranged  according  to  rank  in  furnace  cost,  from  lowest 
to  highest.  For  convenience  in  making  comparisons  the  subtotals 
of  cost  of  the  material  used  and  of  cost  above  material,  including 
surplus  gas  credit,  are  given. 

TilBl«  161— COMPANY  OR  BOOK  FimNACE  COST  PER  0R0S8  TON  OF  BBSSEHER  FIO 
IRON  FOR  EACH  OF  THE  FURNACE  PLANTS  OF  THE  STEEL  CORPORATION  (DESIG- 
NATED BY  LETTERS)  AND  AVERAGE  FOR  ALL  PLANTS,  FOR  mO. 
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Tuu  ISl.— COMPANY  OR  BOOK  FURNACE  COST  PER  OROBS  TON  OP  BESaEltBR  PIO 
IRON  FOR  EACH  OF  THE  FURNACE  PLANTS  OF  THE  STEEL  CORPORATION  (DEUQ- 
KATED  BY  LETTERS)  AND  AVERAGE  FOR  ALL  PLANTS,  FOR  U 
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The  range  ia  furnace  cost  aa  shown  by  the  producing  companies' 
books  waa  from  S12.78  per  ton  to  $16.68  per  ton,  a.  difference  of  S3.90 
per  ton.  The  range  in  cost  of  material  was  from  $11.77  per  ton 
to  $14.37  per  ton.  These  figures  are  chiefly  significant  with  respect 
to  the  advantages  of  different  locations  of  furnace  plant.  The  range 
in  cost  above  material,  including  surplus  gas  credit,  which  is  chiefly 
significant  with  respect  to  operating  efficiency,  was  from  $0.71  per 
ton  to  $2.67  per  ton.  There  were  four  furnace  plants  at  Which  it 
waa  less  than  $1  per  ton,  namely,  $0.71,  $0.90,  $0.91,  and  $0.94  per 
ton.  Theae  four  furnace  plants  produced  2,312,212  tons,  or  37  per 
cent,  of  the  Steel  Corporation's  total  production  of  Bessemer  pig  iron 
and  their  combined  average  coat  above  material  was  only  $0.83  per  ton. 

An  interesting  element  of  cost  is  the  credit  for  surplus  gas  from 
the  blast  furnaces  used  in  other  departments  of  the  steel  plant.  Such 
credit  did  not  occur  for  certain  furnace  plants  because  there  were 
no  other  departments  in  which  to  use  the  gas.  Hence,  while  an 
important  economy  in  operation  it  would  be  necessary  in  order  to 
compare  the  operating  efficiency  of  different  furnaces  to  take  account 
of  this  circumstance.  This  credit,  where  found  at  aU,  ranged  from 
SO.Ol  per  ton  to  $0.27  per  ton  and  was  frequently  tai  important 
factor  in  reducing  the  cost  of  pig  iron.  The  plants  with  the  lai^eat 
credits  for  surplus  gas  are  generally  the  ones  showing  the  lowest  fur- 
nace cost. 

In  the  table  following  the  Steel  Corporation's  total  production 
of  Bessemer  pig  iron  for  1910  has  been  classified  on  the  basis  of  range 
in  int^iratiou  furnace  cost  above  material,  including  surplus  gaa 
credit. 
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Tabu  is3.— inteosation  furnace  cost  above  material,  INCLUDINO  eURPLUe 

GAB  CREDIT,  AT  THE  FUENACE  PLANT8  OF  THE  STEEL  CORPORATION  PRODUCING 
BESSEUER  Pia  IRON.  GROUPED  OH  THE  BABI8  OF  COST,  FOQ  m.0. 


Ccctgnnp. 

PlsntB. 

Total 

A»«r»ge 

1,313,313 

B,«l,9tl8 
228,741 

4,882 

FnmKMtotaM 

21 

B,M»,SS4 

This  shows  that  12  of  the  21  plants  produced  5,954,120  tone  or 
95  per  cent  of  the  total  Bessemer  pig  iron  production  of  the  Steel 
Corporation.  The  average  cost  above  material  at  four  of  these  12 
plants,  as  noted  above,  was  $0.83  per  ton,  and  the  averi^e  cost 
above  material  of  the  Other  S  was  SI. 12  per  ton.  For  aJl  of  these 
12  plants  combined  the  average  cost  above  material  was  SI  per  ton. 

Similarly,  in  the  following  table  the  total  production  has  been 
grouped  on  the  basis  of  rat^e  in  (1)  company  or  book  furnace  cost 
and  (2)  integration  furnace  cost: 

TaBLK  1S3.— C08T  OF  PRODUCTION  OF  BESSEMER  FIQ  IRON  FOR  THE  FURNACE 
PLANTS  OF  THE  STEEL  CORPORATION,  GROUPED  ON  THE  BASIS  OF  DIFFERENCES 
IN  (1)  COMPANY  OR  BOOK  FURNACE  COST  AND  (2)  INTEGRATION  FURNACE  COST, 
FOB  IVlBt 


Cartgro<n>. 

Planls. 

ToWlton- 

'Sf 

COHFANT  OB  BOOK  FUBN*CE  OOOT. 

sie,s2e 

2,566, 8M 
3,768,139 

ioe,o»B 

11,826 

FnmlUlotlO. 

« 

e,a»,6w 

DneoRAnoM  fubhace  cost. 

Sle,82S 

3,818,818 

2,S«7,7« 

B6,234 

10,111 

31. 

e,36e,SM 
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He  more  interesting  of  the  two  cost  groups  is,  of  course,  the  in- 
tegration furnace  cost,  as  this  is  exclusive  of  all  transportation  and 
transfer  profits  accruing  on  the  material  to  the  subsidiary  companies 
of  the  Steel  Corporation.  It  should  not  be  forgotten,  therefore,  that 
the  int^ratioD  furnace  cost  corresponds  to  a  much  larger  investmeDt 
than  the  company  or  book  cost. 

The  table  shows  that  two  of  the  Steel  Corporation's  blast-furnace 
plants,  producing  816,826  tons  of  Bessemer  pig  iron,  had  an  aver- 
age int^ration  furnace  cost  of  only  $8.80  per  ton.  Of  the  total  pro- 
duction, 3,635,444  tons,  or  58  per  cent,  were  produced  at  an  average 
int^ration  furnace  cost  of  less  than  $10.  The  lowest  iategration 
furnace  cost  (including  assumed  normal  additional  cost  of  $0.50  p&c 
ton)  at  any  furnace  plant  was  $9.20,  and  the  highest  was  $13.47. 
Almost  invariably  the  furnaces  with  high  integration  costs  were  the 
ones  having  small  outputs,  which  resulted  especially  in  high  coste 
above  material.  This  is  more  clearly  brought  out  by  showing  the 
average  integration  furnace  cost  and  the  cost  above  material  grouped 
on  the  basis  of  tonnage  produced. 

Tabu  151.— cost  OF  PRODUCTION  PER  GB08B  TON  OF  BESSEMER  PIG  IRON  FOB  THE 
FURNACE  PLANTS  OP  THE  STEEL  CORPORATION,  QBOUPED  ON  THE  BASIS  OP 
OUTPUT  FEB  PLANT,  OIVINO  (1)  INTEORATION  FURNACE  COST,  (2)  INTEGRATION 
FURNACE  COST  ABOVE  MATERIAL.i  FOR  IMO. 


Tomuge  group  (gran  tou). 

Pbmta. 

Total 

cost.' 

cOBtBbme 

Unfler  160,000 
l^m  180,000  loMO  000 
From  300,000  to  150,00) 
FromlS0,«»to«lO,0uo 

OTOiaon.000.. 

10 
2 

2 

t 

a 

»)7,lg2 
*18,S2i 
7M.™ 
1,»1«,3M 

2,772.130 

J10.85 
10. 20 

0.13 

1.31 
1.06 

Total.. 

aj 

a,»B,6M 

».71 

LOS 

'  InrJudisg  credit  tar  surplus 
-Thia  do«B  not  iDtdud*  any 
<Ki  Oil  profit  and  kw  HOioimts 

While  in  some  cases  furnace  plants  made  both  Bessemer  and  basic 
pig  iron,  which  might  affect  the  grouping  if  made  for  costs  above 
matniial  according  to  tonnage  for  both  kinds  of  pig  iron  produced, 
thia  circumstance  would  not  seriously  aSect  the  results  shown. 

From  this  clarification  it  appears  that  the  average  production  of  10 
of  the  21  furnace  plants  was  less  than  40,000  tons,  while  the  average 
production  of  all  the  furnace  pluits  was  nearly  300,000  tons.    The 
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average  integration  furnace  cost  of  these  10  plants  was  $10.86  per  ton 
as  compared  with  an  avert^e  for  ail  plants  of  $9.71  per  ton,  and  the 
aT«rag«  cost  above  material,  including  surplus  gas  credit,  was  $1.75 
per  ton  as  compared  with  an  average  for  all  plants  of  $1.05  per  ton. 
There  were  only  three  furnace  plants  with  a  production  in  excess  of 
600,000  tona. 

The  costs  of  production  in  particular  localities  are,  in  aome  respects, 
of  m(»«  interest  than  the  average  cost  of  production  for  the  countiy 
as  a  whole  or  than  the  average  cost  of  the  Steel  Corporation  with 
ite  widely  distributed  furnace  plants.  Such  an  urangement  of  the 
cost  data  of  the  Steel  Corporation  shows  in  a  large  measure  the 
advant^es  of  locality.  In  this  connection  it  should  again  be  noted 
that  the  Bessemer  ore  of  the  Steel  Corporation  was  supphed  entirely 
from  the  Lake  Superior  r^on  and  that  its  coke  was  supplied  mainly 
from  the  ConnellsviUe  district.  In  the  Chicago  district,  however, 
cimsiderable  by-product  coke  was  used. 

The  Steel  Corporation's  int^ration  furnace  costs  of  producing 
Bessemer  pig  iron  in  the  Chict^,  Lake  Erie,  Valley,  Pittsburgh,  and 
Wheeling  districts  in  1910  are  given  in  the  following  table: 

r  OF  BESSEUER  FIQ 


Item. 

SS^ 

UkeEik 

dbtrlct. 

s^. 

PltlsliaiSh 

"^^ 

diltricU. 

14.13 
.30 

13.  OS 

M.07 

3.2S 
.« 

IB,  82 

»,2g 

CoBtDliiUleiiBi 

8.37 

7.83 

8.88 

e.u 

8.M 

&« 

.48 
.02 

.06 

.18 

.07 
.18 

.U 
.05 

.ss 

.00 
.IS 

.06 

.u 

ss 

Mslcrlals  In  repairs  aiKl  malatanance. 

■; 

1.06 

1.11 

1.40 

1,M 

1.61 

.«■ 

.11 

.« 

■u 

.If 

1.20 

a.  08 

3,02 

U.lt 

4.U 

10.  w 

0.71 
4.1! 

O»mp»y-bootft™cc<-t 

U.36J       12.B. 

13.77 

1^00 

14,38 

13,M 

With  resfiect  to  the  several  districts,  the  lowest  yield  of  iron  was 
obtained  in  the  Lake  Erie  district,  the  differences  in  the  percentage 
of  yield  per  ton  of  net  metallic  mixture  iised  in  the  ot^er  districts 
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being  higher  in  the  following  degreee,  respectively:  Chicago,  2.2  per 
cent;  Valley,  3.4  per  cent;  Pittsbui^h,  1  per  cent;  and  Wheeling,  1.8 
per  cent.  With  respect  to  the  coDsumptioa  of  coke,  the  lowest 
requiremMit  iras  in  the  Lake  Erie  distiiet  also.  The  additional 
requirements  for  the  other  di9tric.te  were  as  followB:  CSucago,  11 
pounds;  Valley,  76  pounds;  Pittsbui^h,  168  pounds;  and  Wheeling, 
76  pounds.  In  connection  with  these  statMnents  of  yield  of  iron  and 
requirements  of  coko  it  should  be  noted  that  the  conditions  as  to 
furnace  efficiency  and  practice  differed  considerably  between  the 
differMit  districts,  the  average  conditions  in  the  CMcago  and  hake 
Erie  districts  being  superior  to  those  in  the  Pittsburgh,  Valley,  and 
Wheeling  districts,  due  largely  to  the  fact  that  the  furnaces  compre- 
hended in  the  overages  for  ihe  Chicago  and  Lake  Erie  districts  were 
of  relatively  more  modem  type  than  the  averse  of  the  furnaces  in 
the  other  three  districts. 

It  would  appear  from  the  above  that  the  most  favcvable  location 
for  Bessemer  pig  iron  production  from  tlie  viewpoint  of  cost  of 
material  alone  was  the  Lake  Erie  district  and  that  tjie  most  unfavoi^ 
able  was  the  Pittsbui^h  district.  For  the  production  of  Bessemer 
pig  iron  in  1910  the  lowest  cost  of  material  was  $7.83  for  tiie  Lake 
Erie  district  and  the  highest  cost  was  $9.11  for  the  Pittsburgh  dis- 
trict, although  the  latter  for  some  of  the  most  important  plants 
had  the  advantage  of  getting  its  ore  transported  at  net  cost  from 
Conneaut  via  the  Bessemer  &  Lake  Erie  Rwlroad.  The  average  lor 
all  districts  was  S8.66.  Next  to  the  Lake  Erie  district  the  Chicago 
district  had  the  lowest  cost  of  material,  namely,  $8.37,  the  Valley 
district  being  next  in  order. 

Comparing  the  furnace  coste,  the  Lake  Erie  district  was  again  the 
lowest  with  an  int^ration  cost  of  $8.83,  but  the  cost  of  the  Wheeling 
district,  instead  of  the  Pittsbui^h  district,  was  the  highest  on  this 
basis,  namely,  $10.27. 

The  average  integration  furnace  cost  for  the  Chicago  district  was 
only  $0.32  per  ton  more  than  for  the  Lake  Erie  district.  The  Chicago 
district  has  the  advantage  of  a  good  location  for  getting  Lake  ore, 
but  it  heretofore  has  been  at  a  disadvantage  with  respect  to  its  coke 
supply,  which  was  obtained  largely  from  the  Connetlsville  and  Poca- 
hontas districts.  However,  in  late  years  the  disadvantage  with 
respect  to  its  coke  cost  has  been  overcome  in  part  by  the  use  of  a 
large  quantity  of  by-product  coke. 

It  should  be  noted  also  that  if  the  average  iron  content  of  Bessemer 
Lake  ore  continues  to  decline,  the  Chicago  and  Lake  Erie  districts — 
those  located  on  the  Lakes  and  having  the  lowest  transportation  costs 
for  ore  and  the  highest  coke  costs — will  have  a  greater  advantage. 
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because  as  the  yield  declines  the  quantity  of  ore  required  increases 
faster  than  the  quantity  of  coke. 

In  the  Pittsburgh  district  the  integration  furnace  cost  was  consid- 
erably above  the  averse  for  all  districts.  The  integration  furnace 
cost  for  this  district  was  exceeded  by  only  one  district,  namely,  the 
Wheeling  district,  and  that  to  an  extent  of  only  $0.08  per  ton. 

The  foregoing  comparison  of  furnace  cost  by  districts  reflects,  of 
course,  operating  efficnency  as  well  as  relative  advantages  of  location. 
The  type,  size,  and  output  of  plant  as  well  as  careful  and  economical 
management  are  factors  of  furnace  eflSciency,  and  should  be  kept  in 
mind  in  considering  all  such  comparisons  by  districts.  While  the  , 
average  results  in  1910  indicate  an  advantage  of  location  for  the 
Chicago  and  Lake  Erie  districts  over  the  Pittsburgh  district,  this  was  1 
partly  the  result  of  differences  in  operating  efficiency  which  are  not 
permanent  factors  in  the  situation. 

Another  factor  of  importance,  though  not  a  cost  factor,  is  found 
with  respect  to  the  markets  for  iron  and  steel  products.  The  Chicago 
district  offers  a  favorable  location  for  the  sale  of  iron  and  steel  prod- 
ucts in  western  markets,  which  are  of  increasing  importance  and  for 
which  productive  capacity  in  near-by  districts  has  not  been  so 
extensively  developed  as  for  markets  farther  east. 

Section  3.  Steel  Corporaticm's  integration  cost  of  ITortliem  basic  pig 
iron  for  1810.  I 

Although  in  1910  the  Steel  Corporation  made  much  more  basic 
open-hearth  steel  than  Bessemer  steel,  its  production  of  Northern 
basic  pig  iron  was  much  less  than  of  Bessemer  pig  iron,  because  in 
making  basic  open-hearth  steel  a  large  part  of  the  metal  used  con- 
sisted of  scrap  iron  and  steel.     (See  p.  431.) 

The  following  table  shows  the  average  furnace  cost  for  all  the  ba^c 
pig  iron  (Northern  furnaces)  produced  by  the  Steel  Corporation,  as 
shown  by  the  producing  companies'  books,  the  approximate  inter- 
company profits  included  in  the  several  items  of  cost,  and  the  inte- 
gration furnace  cost  for  IdlO,  as  shown  by  the  records  of  the  Steel 
Coiporatiou. 
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TiBLB  1S6.— STEEL  COBPOBATIOIt'B  riTKNACE  COBT  FSB  OB083  TON  OF  BASIC  PIO 
IRON  (NORTHERN  FURNACES),  A8  SHOWN  BY  FKODUCINQ  COHPANIEa'  COST 
SHEETS, A PrBOXniATE  INT EHCOMP ANY  PROFITS  TNCLUDBD  THBBKIN  AND  IHTB- 
ORATION  FORNACE  COST.  AS  SHOWN  BY  THE  RECORDS  OF  THE  CORPORATION, 
FOR  1910. 

Hfi13,m  gmm  Urn.] 
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The  total  production  of  basic  pig  iron  at  the  Northern  fumacee  of 
the  Steel  Corporation  for  1910,  as  previously  noted,  was  4,543,177 
tons  or  54.2  per  cent  of  the  total  production  of  the  United  States. 

Cost  of  matebial.— The  matenats  for  making  basic  pig  iron  were 
(1)  non-Bessemer  iron  ore,'  (2)  coke,  and  (3)  limestone. 

The  company  or  book  cost  of  net  metallic  mixture  per  ton  of  basic 
pig  iron  was  S7.S8,  of  coke  $3.81,  and  of  limestone  $0.49. 

These  company  or  book  costs  include,  as  shown  in  the  second 
column  of  the  table,  certain  items  of  intercompany  profit  (similar  to 
those  for  Bessemer  pig  iron)  which  went  to  the  subsidiary  ore, 
coal  and  coke,  railroad,  and  steamship  companies.  The  amounts  of 
profit  corresponding  to  these  profits  per  ton  constituted,  so  far  as  the 
quantities  of  mateHal  used  in  making  this  pig  iron  were  concerned, 
the  entire  remuneration  on  the  inTeetment  in  such  anterior  stages 
of  production  and  transportation. 

While  the  antecedent  transfer  profits  on  the  ore  used  in  making 
basic  pig  iron  were  considerably  lower  than  those  for  mulring  Bessemer, 
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yet,  takli^  into  account  also  the  antecedeat  transportation  profits 
CD  ore  and  the  transfer  profits  on  coke,  the  total  integration  profits 
included  in  the  company  cost  sheets  were  about  three-quMliers  as  large 
as  for  Bessemer  pig  iron. 

As  in  the  case  of  Bessemer  p^  iron,  the  largest  item  of  inteicompaay 
profit  was  in  the  cost  of  the  net  metallic  mixture,  namely,  $2.60  per 
ton  of  basic  pig  iron.  While  for  thb  item  there  would  have  been  a 
considerable  profit  for  any  concern  which  combined  the  mining  of 
Lake  ore  with  the  manufacture  of  pig  iron  and  entered  the  ore  on  its 
cost  sheets  at  market  prices,  in  the  case  of  the  Steel  Corporation  it  was 
unusually  lai^e,  on  account  of  the  fact  that  this  concern  hod  much 
more  diversified  operations  and  investments  in  the  anterior  stages  of 
production  and  transportation.  On  this  account  the  deduction  of 
the  intercompany  profits  of  the  Steel  Corporation  resulted  in  a  much 
lower  integration  cost  than  would  have  been  found  in  the  case  of  any 
other  maker  of  pig  iron  whose  costs  were  shown  in  the  same  manner. 
While  the  Steel  Corporation's  net  costs  were  tterefore  very  low,  it  must 
be  constantly  kept  in  mind  that  it  had  a  much  larger  investment, 
against  which  must  be  set,  the  greater  margin  of  profit  between  its 
net  cost  and  the  price  of  pig  iron. 

The  item  of  intercompany  profit  of  $2.60  pw  ton  in  the  net  metallic 
mixture  was  practically  all  for  ore,  as  in  the  case  of  Bessemer  pig 
iron,  and  corresponded  to  a  profit  of  $1.34  per  ton  in  the  average 
price  of  ore  at  furnace  of  $3.9S.  The  average  profit  of  $1.34  p«-  ton 
of  ore  was  reduced  to  $1.30  per  ton  of  gross  metallic  mixture,  as  a 
small  quantity  of  scrap  was  used,  besides  cinder  and  scale  on  which 
there  was  no  intercompany  profit.  This  also  had  the  effect  of  mak- 
ing the  book  price  of  the  gross  metalhc  mixture  $3.97  instead  of 
$3.9S,  the  average  furnace  price  of  the  ore.  It  required  an  averse  of 
2.04  tons  of  net  metallic  mixture  to  produce  a  ton  of  basic  pig  iron, 
corresponding  to  an  average  yield  of  49  per  cent. 

The  item  of  intercompany  profit  of  $0.50  per  ton  set  against  the 
coke  cost  related  almost  entirely  to  the  transfer  profits  from  coke  used, 
and,  of  course,  so  far  as  it  was  taken  out  of  the  cost  of  coke  used  in 
making  pig  iron,  it  deprived  the  anterior  processes  of  mining  the  coal 
and  producing  the  coke  of  any  remuneration  on  such  investment. 
Figured  on  the  coke  used,  this  profit  of  $0.50  per  ton  of  pig  iron 
corresponded  to  a  profit  of  $0.43  per  net  ton  of  coke.  The  average 
quantity  of  coke  used  per  ton  of  basic  pig  iron  was  1.16  net  tons  or 
2,318  pounds  and  the  integration  price  of  the  coke  dehvered  at  tlie 
furnace  was  $2.86  per  net  ton. 

An  intercompany  profit  of  $0.01  in  the  company  or  book  cost  of 
limestone  was  the  only  other  item  which  was  of  sufficient  amount  to 
affect  the  statement  of  integration  cost. 
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Subtracting  these  items  of  intercompany  profit  from  the  respective 
items  of  cost  gives  the  int^ration  furnace  cost.  The  cost  of  the  net 
metallic  mixture  per  ton  of  p^  iron  was  thereby  reduced  from  S7.8S 
to  S5.28,  and  the  cost  of  coke  from  S3.81  to  S3.31.  A  further 
reduction  of  t0.01  appears  for  the  cost  of  Umestone.  The  company 
or  book  cost  of  the  combined  raw  materials  was  reduced,  therefore, 
from  $12.18  per  ton  to  $9.07  per  Uta. 

Cost  above  uatebul. — ^The  average  total  cost  above  materiab 
which  does  not  include  surplus  gas  credit,  was  SI  .23  per  ton.  The 
most  important  item  was  labor,  which  averaged  $0.56  pw  ton  and 
comprised  46  per  cent  of  the  total  cost  above  material  It  should 
be  noted  that  this  averse  labor  cost  embraced  only  the  charges  for 
labor  which  were  classified  as  such  under  the  accounting  system  of 
the  Steel  Corporation  and  that  a  considerable  amount  of  labor  was 
included  under  other  items  of  cost. 

The  average  cost  of  steam  or  its  equivalent,  as  shown  by  the  cost 
atatement,  was  only  $0.03  per  ton.  As  already  noted  (see  p.  399), 
the  fuel  for  running  the  blowing  engines  was  chiefly  supplied  by 
gas  from  the  blast  furnaces,  and  the  accounts  were  kept  in  such  a 
manner  as  to  show  the  cost  <^  the  coal  used  in  making  steam  and 
the  coal-equivalent  value  of  the  gas  used  from  the  blast  furnaces. 
From  tills  gross  cost  was  deducted  (»'  credited  the  coal-equivalent 
value  tA  the  furnace  gas  used.  The  gross  cost  of  steam,  computed  in 
this  way,  was  $0.33  per  ton  of  basic  pig  iron  produced,  and  the  ex- 
pense of  purifjdng  the  furnace  gas  for  use  in  the  blowing  engines  was 
io.05  per  ton,  making  a  total  of  $0.38  per  ton.  Deducting  the  credit 
for  gas  oaed,  namely,  $0.35  per  ton,  gives  a  net  cost  of  steam  of  only 
$0.03  per  ton. 

The  average  cost  of  materials  In  repairs  and  maintenance  was  $0.10 
per  ton  and  the  average  cost  of  supplies  and  expense  was  $0.36  per 
ton. 

The  provision  for  relining  the  furnaces  was  the  same  for  basic  as 
for  Bessemer  pig  iron,  namely,  $0.18  per  ton.  This  was  the  uniform 
provision  for  every  furnace  of  the  Steel  Corporation  in  the  North. 

There  was  no  intercompany  profit  of  any  importance  in  the  items 
of  cost  above  material.  The  items  of  steam  and  materials  in  repairs 
and  maintenance  each  contained  intercompany  profit  of  1  mill  ($0,001) 
per  ton  of  iron.  As  the  cost  statement  is  given  in  cents  only,  the 
above  profit  does  not  appear  thereon. 

Gas  credit. — The  costs  included  a  credit  item  of  10.21  per  ton  for 
surplus  gas  furnished  by  the  blast  furnaces  to  other  departments  of 
the  plant  where  the  furnaces  were  located.  _^Thi3  credit  for  surplus 
gas  tranaferfed  to  other  departments  was  in  addition  to  the  credit 
of  $0.36  per  ton  for  gas  used  at  the  furnaces,  noted  above. 
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FuBNACB  COST. — The  aver^;e  furnace  coat  of  basic  pig  iron  for  the 
year  1910,  as  shown  by  the  producing  companies'  books,  was  $13.20 
per  ton.  The  intercompany  profit  included  therein  was  $3.11  per 
ton,  resulting  in  an  integration  cost  of  $10.0d  per  ton.  This  inte- 
gration ceet  of  basic  pig  iron  produced  by  the  Steel  Corporation, 
inasmuch  as  it  contains  no  intercompany  profit,  leaves  no  return  on 
the  anterior  processes  of  production,  namely,  ore  and  coal  mining, 
coke  making,  and  ore  transportation. 

It  is  not  practicable  to  determine  exactly  the  additional  ooets  of 
general  expense  and  depreciation  appearing  on  the  profit  aad  loss 
accounts  which  should  be  allocated  to  pig  iron  and  added  to  these 
furnace  costs  in  order  to  give  the  total  cost.  If  the  assumed  normal 
chai^  of  $0.50  per  ton  given  on  page  373  were  added,  the  total  book 
coat  would  be  $13.70  and  the  total  integration  cost  $10.59  per  ton. 

COHPABIBON  OF  COSTS  AT  DIFFEBENT  FUBNAGE  PLANTS. — The  Com- 
pany or  book  furnace  cost  at  each  of  the  15  different  furnace  plants 
of  the  Steel  Corporation  in  the  North  producing  basic  pig  iron  in  1910 
is  given  in  the  following  table.  Subtotals  are  shown  giving  the  cost 
of  material  and  the  cost  above  material,  including  surplus  gas  credit. 
The  former  indicates  some  of  the  differences  in  the  cost  of  assembling 
materials,  while  the  latter  indicates  some  of  the  differences  in  the 
operating  efficiency  of  the  plants.  Hie  plants  have  been  arranged 
according  to  their  order  In  cost — ^from  lowest  to  highest — and  desig- 
nated by  letters.  I 
Tabu  1S7.— coupany  or  book  furnace  cost  per  gross  ton  of  basic  Fto  moN  I 

(KORTEERN  FDHNACBS)  FOB  EACH  OF  THE  FURNACE  PLANTS  OF  THE  8TBBL 
corporation  (DESIGNATED    BT    LETTERS)  AND  AVERAOB    FOR  ALL  PLUITS, 
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Tabu  1ST— COUP  ANY  OR  BOOK  FURNACE  COST  PER  GROSS  TOM  OF  BASIC  PIG  IRON 
(NORTHERN  FURNACES)  FOR  EACH  OF  THE  FURNACE  PLANTS  OF  THE  STEEL 
CORPOBAIION  (DESIGNATED  BY  LETTBB8)  AND  AVERAQE  FOR  ALL  PLANTS, 
FOR  UIO— CaDtlnoKl. 
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The  range  in  furnace  coat,  as  shown  by  the  books  of  the  producing 
companies,  was  from  $11.94  per  ton  to  $16.70  per  ton,  &  difference 
of  $3.76  per  ton.  The  plant  baring  the  lowest  furnace  cost  pro- 
duced nearly  450,000  tons,  while  the  production  of  the  plant  having 
the  bigfaest  furnace  cost  was  very  much  less  than  150,000  tons. 

The  cost  of  material  ranged  from  $11.07  to  $13.32  and  the  cost 
above  material — the  most  significant  figure^ranged  from  $0,79  per 
ton  to  $2.76  per  ton.  There  were  seven  furnace  plants  at  which  the 
cost  above  material,  including  surplus  gas  credit,  was  leas  than  $1 
per  too;  the  cost  at  three  of  these  was  considerably  under  $1,  namely, 
90.79,  SO.SO,  and  $0.87  per  ton. 

An  interesting  element  of  cost  is  the  credit  for  surplus  gas  from 
the  blast  furnaces  furnished  to  other  departments  of  the  plant.  This 
credit,  which  averaged  $0.21  per  ton,  as  noted  above,  ran  as  high  as 
$0.46  per  ton  and  was  an  important  factor  in  reducing  the  furnace  cost. 

The  Steel  Corporation's  total  production  of  basic  pig  iron  at 
Northern  furnaces  is  shown  below,  classified  on  the  basis  of  range  in 
cost  above  material,  including  surplus  gas  credit. 

TlBLS  158.— INTEGRATION  FURNACE  COST  ABOVE  MATERIAL,  INCLDDINO  SURPLUS 
GAS  CREDIT,  AT  THE  NORTHERN  FURNACE  PLANTS  OF  THE  STEEL  CORPORATION 
PRODUCING  BASIC  PIG  IRON,  GROUPED  ON  THE  BASIS  OF  COST,  FOR  IBIO. 
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This  table  shows  that  the  seven  furnace  plants  referred  to  above 
produced  2,866,268  tons  or  63  per  cent  of  the  total  at  an  average  cost 
above  material  of  only  $0.87  per  ton.  The  costs  at  the  remaining 
furnaces  were  considerably  higher,  increasing  with  the  decrease  in 
output  per  furnace  plant.  While  this  factor  was  not  the  only  one, 
undoubtedly  it  was  the  most  important. 

There  are  given  below  the  costs  of  the  Steel  Corporation's  produc- 
tion of  Northern  basic  pig  iron  classified  on  the  basis  of  range  in  (1) 
company  or  book  furnace  cost  and  (2)  int^ration  furnace  cost: 

Tabu  IM.-COBT  Or  PRODUCTION  OF  BASIC  PIO  IRON  (NORTHERN  FURNACES)  FOR 
THE  PURNACE  PLANTS  OF  THE  STEEL  CORPORATION,  GROUPED  ON  THE  BASIS 
OF  DIFFERENCES  IN  (I)  COMPANY  OR  BOOK  FURNACE  COST  AND  <2)  INTEGRATION 
FURNACE  COST,  FOR  1910. 
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The  int^ration  furnace  cost,  as  repeatedly  noted,  is  ezclusive  of  all 
transportation  and  transfer  profit  on  the  material  which  accrued  to 
the  subsidiary'  companies  of  the  Steel  Corporation.  Therefore,  the 
integration  furnace  cost,  while  considerably  lower  than  the  compuiy 
or  book  cost,  corresponds  to  a  much  lai^er  investment  than  in  the 
case  of  the  company  or  book  cost. 

It  appears  from  the  preceding  table  that  of  the  15  furnace  plants 
producing  basic  pig  iron  the  average  integration  furnace  cost  at  5  of 
them,  producing  2,528,212  tons  or  over  55  per  cent  of  the  total 
production,  was  considerably  less  than  $10  per  ton,  namely,  $9.56  per 
ton.  The  average  output  per  plant  of  these  6  plants,  with  the  lowest 
cost,  was  505,642  tons.  The  average  output  per  plant  of  the  remain- 
ii^  10  plants  was  a  little  over  200,000  tons. 
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The  lowest  integration  furnace  cost  (including  assumed  normal 
addidonal  cost  of  S0.50  per  ton)  at  any  furnace  plant  was  S9.S5  and 
the  bluest  was  S13.54. 

Below  is  given  the  average  integration  furnace  cost  and  the  cost 
above  material,  including  surplus  gas  credit,  grouped  on  the  basis  of 
tonnage  produced. 

TiBix  lao—COST  OF  PRODUCTION  PER  OROSS  TON  OF  BASIC  PIO  IKON  (NORTHERN 
FURNACES)  FOR  THE  FURNACE  PLANTS  OF  THE  STBBL  CORPORATION.  GROUPED 
ON  THE  BASIS  OF  OUTPUT  PER  PLANT,  GIVINO  (1)  INTEGRATION  FURNACE  COST, 
FURNACE  COST  ABOVE  MATERIAL,!  PQR  UIO. 
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From  this  ctasafication  it  appears  that  the  average  annual  produc- 
tion of  6  of  the  15  furnace  plants  was  less  than  70,000  tons,  while  the 
average  aimual  production  of  all  the  furnace  plants,  including  these 
6,  was  approximatdy  300,000  tons.'  The  average  integration  furnace 
cost  of  the  6  plants  was  $10.66  per  ton,  as  compared  with  an  average  for 
all  plants  of  $10.09  per  ton,  and  the  averagecost  above  material,  includ- 
ing surplus  gas  credit,  was  $1 .36  per  ton,  as  compared  with  an  average 
for  all  plants  of  $1.02  per  ton.  The  three  furnace  plants  producing 
over  450,000  tons  each  had  an  average  integration  furnace  cost  of 
S10.02  per  ton,  and  an  average  cost  above  material,  including  sur- 
plus gas  credit,  of  $0.97  per  ton. 

Notwithstanding  the  fact  that  in  a  few  cases  plants  dt  large  capacity 
had  rather  high  costs,  the  table,  on  the  whole,  clearly  shows  the  impor- 
tance of  large  output  as  a  cost  factor.  Broadly  speaking,  the  com- 
panies having  the  highest  integration  furnace  coats,  as  well  as  the 
highest  costs  above  material,  were  the  ones  with  the  smallest  output 
and,  in  the  main,  an  increase  in  production  was  accompanied  by  a 
decrease  in  both  these  costs. 

In  the  following  table  the  Steel  Corporation's  net  or  int^ration 
costs  of  producing  basic  pig  iron  in  1910  are  given  by  districts,  in  the 
same  maimer  as  for  Bessemer  iron.     (See  pp.  404-406.) 
>  Bee  nmunnit  under  Table  lU,  P*  *S- 
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With  respect  to  the  several  districts,  the  lowest  yield  of  iron  was 
found  in  the  Chicago  and  Pittsburgh  districts,  which  had  the  same 
yield,  the  Lake  Erie  district  being  1  per  cent  higher,  and  the  Valley 
district  0,6  per  cent  higher.  With  respect  to  the  consumption  of 
coke,  the  lowest  requirement  was  in  the  Chicago  district.  Additional 
requirements  for  the  other  districts  were  as  follows:  Lake  Erie, 
142  pounds;  Valley,  200  pounds;  Pittsburgh,  168  pounds.  These 
differences  in  practice  were  partly  the  result  of  different  average  con- 
ditions with  respect  to  types  of  furnace  and  equipment. 

For  the  production  of  basic  pig  iron  in  1910  the  lowest  cost  of  mate- 
rial was  $8.50  for  the  Chicago  district,  and  the  highest  was  $9.36  for 
the  Valley  district.  The  Lake  Erie  district  was  next  to  the  lowest, 
and  the  Pittsburgh  district  was  next  to  the  highest.  The  average  for 
all  districts  was  19.07.  The  differences  between  Bessemer  (see  p.  405) 
and  basic  pig  iron  in  this  respect  are  partly  explained  by  the  fact  that 
the  furnace  plants  comprised  in  the  several  districts  were  not  the  same 
in  each  case. 

Comparing  the  furnace  costs,  the  Chicago  district  was  also  the  low- 
est, with  an  integration  cost  of  $d.32,  and  the  Valley  district  was  the 
highest,  with  an  integration  cost  of  $10.64. 

On  the  basis  of  integration  furnace  cost  it  appears  that  the  Stcfl 
Corporation's  most  favorable  location  for  basic  pig  iron  production 
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in  1910  waa  the  Chicago  district  and  the  most  unfavorable  was  the 
Valley  district. 

It  will  be  remembered  that  the  integration  furnace  costs  of  Besse- 
mer pig  iron  were  the  lowest  for  the  Lake  Erie  district  and  next  to 
the  lowest  for  the  Chicago  district.  Their  positions,  therefore,  are 
reversed  here. 

The  Chicago  district  showed  the  lowest  cost  with  respect  to  both 
the  cost  of  material  and  the  cost  above  material.  The  type  and 
size  of  the  more  modem  furnaces  of  the  Chicago  district  producing 
basic  iron  were  also  important  coat  factors,  so  that  the  normal 
diflferences  in  cost  due  to  location  may  be  leas  than  that  indicated  by 
the  above  table. 

In  considering  the  furnace  cost  by  districts  it  should  he  noted  that 
for  basic  pig  iron  the  ore  transportation  rates  were  more  important 
and  the  coke  transportation  rates  relatively  less  important  than  for 
Bessemer  pig  iron  because  the  additional  requirement  of  ore,  on 
account  of  lower  yield,  waa  greater  than  the  additional  requirement 
of  coke. 

If  the  average  iron  content  of  basic  ore  should  continue  to  decline, 
the  relative  advantage  of  the  Chicago  district  or  other  localities  with 
low  transportation  costs  for  ore  would  correspondingly  increase. 

Judging  from  the  above  resulta  it  might  be  concluded  that  the 
Cbict^o  district  is  the  best  location,  not  only  as  to  cheapness  of  pro- 
duction but  also  with  regard  to  the  advantages  for  reachmg  the  grow- 
ing markets  of  the  West. 

Section  4.  Steel  Corporation's  cost  of  Sontlierii  pl^  iron  tor  1910. 

In  the  Birmingham  district  the  technical  conditions  of  producing 
pig  iron  are  such  that  ordinarily  one  company  operates  directly  all 
departments  of  the  business  from  the  mining  of  ore  and  coal  to  the 
production  of  coke,  pig  iron,  steel,  and  various  steel  products.  The 
only  exception  for  the  Steel  Corporation  is  a  subsidiary  local  railroad, 
the  Birmingham  Southern,  which  showed  practically  no  profit  from 
the  transportation  of  materials  in  1910.  In  consequence  of  this 
company  organization  there  waa  naturally  little  occasion  to  transfer 
raw  materials  or  other  products  from  one  department  of  the  business 
to  another  at  a  profit  above  the  direct  cost  of  production.  For  these 
reasons  the  costs  of  the  Steel  Corporation  for  Southern  pig  iron  do  not 
contain  any  intercompany  profits  of  importance.  The  following 
cost  statement  for  the  Southern  pig  iron  of  the  Steel  Corporation  in 
1910  gives-at  the  same  time,  therefore,  a  company  cost  and  an  integra- 
tion cost. 

T7232''— 13 Zi 
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Tabu  183.— STEEL  CORPORATION'S  FURNACE  COST  PER  OROSS  TOM  OF  BODTHSBN 
PIO  raON,  AS  SHOWN  BY  THE  PRODOCDJQ  COMPANY'S  COST  SHEETS,  WHICH  C08T 
DOES  NOT  INCLUDE  ANY  INTERCOMPANY  PROFIT,  FOR  ISIO. 
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This  average  furnace  coat  of  J8.57  is  very  low.  Compared  with  the 
average  costs  of  Southern  pig  iron  for  1902  to  1906  shown  on  page  112 
(which,  however,  included  some  trifling  items  of  intercompany  profit), 
it  gives  evidence  of  marked  improvement  in  furnace  practice,  in  the 
use  of  labor-saving  devices,  and  in  the  utilization  of  by-products. 
The  items  most  greatly  reduced  are  coke  and  labor.  A  more  efficieat 
system  of  utilizing  gas  from  the  furnace  resulted  in  an  averts  credit 
to  cost  of  pig  iron  of  $0, 15  per  ton  for  surplus  gas  transferred  to  othw 
departments. 

In  the  precedii^  table  of  furnace  cost  no  account  is  taken  of 
the  additional  costs  (from  the  profit  and  loss  accounts  of  the  pro- 
ducing company).  It  would  scarcely  be  proper  to  take  those  shown 
on  page  115  for  all  Southern  furnaces  for  1902  to  1906  as  typical, 
because  the  Steel  Corporation  and  all  companies  which  keep  careful 
accounts  have  much  heavier  charges  generally  on  this  account  than 
shown  there.  While  the  additional  costs  for  the  large  companies 
for  Bessemer  and  basic  pig  iron  from  1902  to  1906  were  very  nearly 
the  average  for  die  Steel  Corporation,  that  concern  was  not  rep- 
resented in  the  Southern  iron  Industry  at  that  time.  Owing  to  the 
Steel  Corporation's  policy  of  making  substantial  provisions  of  this 
sort,  the  additional  costs  from  1902  to  1906  for  the  Southern  district 
would  undoubtedly  have  averaged  much  higher  if  it  had  been  then, 
as  it  is  now,  the  principal  producer  in  that  district.  A  fair  allowance 
for  these  additional  chaises  for  general  expense  and  depreciation  is 
S0.50  per  ton  (see  p.  373),  which  would  make  the  total  cost  of  Southern 
iron  $9.07  per  ton.  ] 
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Section  5.  Comparison  of  Steel  Corporation's  integration  fnrnace  cesta 
of  Bessemer,  Horthem  baaic,  and  Southern  pig  iron. 
For  convenience  in  compaiison,  the  net  or  integration  furnace  costs 
(i.  e.,  exclusive  of  intermediate  profits  on  transfer  and  tnmsportation) 
of  the  Steel  Corporation  for  Bessemer,  Northern  basic,  and  Southern 
pig  iron,  for  the  year  1910  are  shown  in  the  following  table: 

TiBLE  163.— COMPARISOH  OP  STEEL  COBPORATION'6  INTEORATION  FURNACE  COSTS 
PER  GROSS  TON  70R  BESBEUER,  NORTHERN  BAHIC,  AND  SOUTHERN  FIO  IRON,  AS 
SHOWN  BY  THE  BECORDS  OF  THE  CORPORATION.  FOR  ISID. 


IttB. 

■ny  uUrior  bUks  o!  prodoo- 

[wlildid<M.not 
Inf  tuda  am 

proflt). 

BenemtT, 

Northern  b»slc. 

Bontheoi. 

fl,Z«,5M 

4,6*3,  m 

I»I>,37S 

3.30 

-04 
.00 

.as 

.18 

.H 
.OJ 

tl.8» 

It         I 

. 

.» 

SuDDliM  aail  KEDOise 

flnreta/ras  credit 

0.71 

10.0B 

K-SO 
t2.0T 

12.87 
t2.80 

W.47 

' 

Cost  op  matbhial, — The  ore  or  net  metallic  mixture  of  the  Soutii- 
em  pig  iron  averted  only  $2.SS,  as  against  $4.95  for  Bessemer  and 
15.28  for  Northern  basic,  due  chiefly  to  the  very  small  freight  charges 
involved  in  getting  it  to  the  furnaces.  The  price  of  the  gross  metallic 
mLsture  delivered  at  the  Southern  furnaces  was  only  $1.15  per  ton, 
^  compared  with  $2.80  for  Bessemer  iron  and  $2.67  for  basic  iron 
at  the  Northern  furnaces.  It  required  to  produce  a  ton  of  pig  iron 
at  the  Northern  Bessemer  furnaces,  1.82  tons  of  metallic  mixture;  at 
the  Northern  basic  furnaces,  2.04  tons;  and  at  the  Southern  furnaces, 
2.67  tons;  these  figures  correspond  to  yields  of  55.0  per  cent,  49.0 
per  cent,  and  37.4  per  cent,  respectively. 
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The  cofce  cost  of  the  Southern  furnaces,  on  the  other  hand,  ^a* 
somewhat  h^her,  namely,  $3.80  per  ton  of  pig  iron,  as  against  S3 .3( 
for  the  Northern  furnaces  making  Bessemer  pig  iron  and  S3.31  foi 
those  making  basic.  This  was  due  partly  to  higher  costs  of  coke  al 
ovens,  and  partly  to  the  very  much  larger  quantity  of  coke  required 
per  ton  of  pig  iron,  namely,  3,077  pounds  at  the  Southern  furnaces, 
2,222  at  the  Northern  Bessemer  furnaces,  and  2,318  pounds  at  the 
Northern  basic  furnaces.  These  together  more  than  offset  the  lower 
average  freight  charges  in  getting  the  coke  (or  the  coal  from  which 
the  coke  was  made)  to  the  furnaces. 

The  cost  of  limeatone  was  consitlerably  lower  for  Southern  pig  iron, 
averaging  only  SO, 19  per  ton,  as  against  $0.41  for  Bessemer  and  SO. 48 
for  Northern  basic.  This  was  due  partly  to  lower  costs  of  quarrying 
and  of  transporting  it  to  furnace,  but  also,  in  an  important  degree, 
to  the  use  of  Southern  ores  containing  large  quantities  of  lime,  which 
reduced  the  need  for  additional  fluxing  material.  Thus,  the  average 
quantity  of  limestone  used  by  the  Northern  furnaces  in  1910  was  1,028 
pounds  per  ton  of  pig  iron,  as  against  675  pounds  for  the  Southern 
furnaces.  There  was  a  marked  change  in  this  respect  as  compared 
with  former  years.     (See  p.  120.) 

Combining  the  costs  of  ore,  coke,  and  limestone,  the  cost  of  these 
three  materials  for  Southern  pig  iron  averaged  only  $6.87  per  ton,  as 
gainst  $8.66  for  Bessemer  and  $9.07  for  Northern  basic.  i 

Thb  shows  that  on  the  basis  of  integration  cost  of  material  Bessemer 
pig  iron  had  an  advantage  of  $0.41  per  ton  over  Northern  basic.  This 
advantage  depended  chiefly  on  a  lower  cost  of  ore  in  the  net  metallic 
mixture  after  transfer  profits  had  been  eliminated,  namely,  S4.95  for 
Bessemer  and  S5.28  for  basic,  a  difference  of  $0.33  per  ton.  This 
advantage  was  due  to  a  lower  net  cost  for  freight  for  the  ore  going  to 
the  Bessemer  furnaces.  There  was  little  compensating  advantage, 
evidently,  in  coke  freights  for  the  Northern  basic  furnaces,  as  the 
costs  of  coke  were  practically  the  same.  However,  as  the  basic  fur- 
naces used  a  little  more  coke  per  ton  of  pig  iron  (due  to  the  lower 
average  iron  content  of  basic  ores)  than  the  Bessemer  furnaces,  the 
former  must  have  had  a  small  freight  advantage  in  coke. 

Cost  above  material. — The  Southern  furnaces  were  at  a  consider- 
able disadvantage  in  the  cost  above  materia. -The  lalxff  cost -for 
Southern  pig  iron  was  $0.75  per  ton,  as  against  $0.55  for  Bessemer 
and  $0.56  for  Northern  basic,  and  the  other  operating  costs  were, 
respectively,  $0.95,  $0.50,  and  $0.46  per  ton  of  pig  iron.  The  total 
cost  above  material,  including  surplus  gas  credit,  of  Southern  pig 
iron  was,  therefore,  $1.70  per  ton,  as  against  $1.05  for  Bessemer  anH 
$1.02  for  Northern  basic.  Nevertheless,  as  shown  below,  the  net 
furnace  cost  for  Southern  pig  iron  was  much  lower  than  either  of  ' 
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these  two  Northern  grades,  on  account  of  ita  much  lower  costs  for 
material. 

FuKNACE  COST. — The  marked  advantage  of  the  Southern  pig  iron 
costs,  even  on  a  net  basis,  is  evident  from  the  foregoing  table.  The 
[umace  cost  of  Southern  pig  iron  was  only  $8.57  per  ton,  as  gainst 
19.71  for  Bessemer  and  $10.09  for  Northern  basic;  the  diiTerences 
were  $1.14  and  $1.52,  respectively.  Of  course,  from  the  point  of 
view  of  quality  Southern  pig  iron  should  be  compared  with  Northern 
basic  and  not  with  Bessemer.  On  the  other  hand  Northern  pig  iron 
[lad  a  great  advantage  in  location  with  respect  to  the  chief  markets 
of  consumption.  For  market  points  north  of  the  Ohio  River  the 
Freights  on  Southern  pig  iron  were  much  higher  on  the  average  than 
on  Northern  pig  iron,  which  more  than  offset  the  advantage  in  cost 
of  production  shown  above. 
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CHAPTER  XVn. 

STEEL  GOBPOBATION'S  INTEGBATIOH  COSTS  OF  IFOOTS 
FOB  1910. 
Section  1.  Introductory. 

The  two  chief  kinds  of  ateel  produced  in  the  United  States  in  1910 
were  Bessemer  and  open-hearth  ateel.  Descriptions  of  the  Beesemer 
process  and  of  the  open-hearth  processes  of  maMng  steel  have  already 
be^  given.     (See  pp.  129-133.) 

The  proportions  of  the  Steel  Corporation's  production  of  Bessemer 
and  open-hearth  eteet  to  the  total  production  in  the  United  States  in 
1910  are  shown  in  the  following  table: 

TUU  IM.— COVPAKieON  OP  THE  PBODUCTION  OT  BEB8EUER  AND  OPBM-HBABTB 
STEEL  PBODOCED  BY  THE  STEEL  CORPORATION  WrTB  THE  TOTAL  PBODCCTION 
IN  THE  UNITED  STATES,  FOR  1910. 


Item. 

Total 

United  SUtM. 

Bt«l 
CtvponUoiL 

PtKwl. 

Onuumt. 
•,4i3,m 
ia,i)M.«i> 

OnuiliHu. 
»,J99,2» 
B,3S3,lie 

29,917,281 

U,17S,3«9 

While  the  for^oii^  table  shows  the  production  of  both  ingots  and 
castings,  by  far  the  greater  part  of  it  consists  of  ingots. 

Bessemer  steel  is  of  two  kinds,  namely,  billet  steel  and  rail  steel, 
both  of  which  were  produced  in  lai^e  quantities,  but  the  tonnage  was 
not  reported  separately  for  the  United  States.  The  quantity  of 
Bessemer  rail  ingots  produced  can  be  determined  very  closdy,  bow- 
ever,  from  the  tonnage  of  Bessemer  rails.  The  quantity  of  Bessemer 
raUs  produced  would  indicate  that  about  one-quarter  of  the  Bessemer 
steel  produced  in  the  United  States  was  Bessemer  rail  steel,  and 
Bimilarly  about  one-quarter  of  the  Beesemer  steel  produced  by  the 
Steel  Corporation  was  rail  steel. 

Open-hearth  steel  may  be  either  acid  or  basic.  But  little  of  the 
former  is  produced  in  the  United  States  and  only  a  very  small  quantity 
by  the  Steel  Corporation. 
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Section  2.  Steel  Corporation's  integration  cost  of  Bessemer  billet  ingoti 
for  1910. 

Most  of  the  Bessemer  steel  produced  is  billet  steel,  which,  as  already 
noted  (see  p.  143),  is  substantially  the  same  as  rail  steel,  except  that  a 
smaller  quantity  of  manganese  is  required  for  billet  steel,  in  conse- 
quence of  which  the  coat  tends  to  be  a  httle  lower.  The  production 
of  Bessemer  billet  ingots  by  the  Steel  Corporation  in  1910,  namely, 
4,395,606  tons,  was  considerably  larger  than  that  of  Bessemer  rail 
ingots,  constituting,  in  fact,  75.9  per  cent  of  the  Corporation's  Besse* 
mer  ingot  production. 

T^e  following  table  shows  the  average  works  cost  of  Bessemer 
billet  ingots  for  the  Steel  Corporation  in  1910,  together  with  the. 
intercompany  profits  included  in  the  items  of  cost  and  the  int^ration 
works  cost: 

Tabu  US.— STEBI.  CORFOBATION'B  WOBEB  COST  PER  GB08B  TOM  OF  BEBSEtfEB  BH^ 
LET  INOOra,  AB  8H0WH  BY  PRODDCINO  COMPANIES'  COST  SHEETS,  AFPBOXIIIATB 
mTEBCOUPAKY  FBOriTS  INCLDDED  THEBEIN,  AND  INTEORATION  WORKS  COST, 
AB  SHOWN  BY  THE  RECORDS  OF  THE  CORPORATION,  FOB  ISIO. 
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Compuiy 
bookeort. 

Inlef 

Int^ntlanciMt 
(cioliulTe  ol 

production  or 

Pl«inm»iid«cr. 

•IS.  18 

•i.30 

110.77 

06 

.01 

.01 

.OS 
.36 

M.8J 

4tf 

ia.u 

•13.  M 
1,4S1 
•R.38 

10 

KOI 

t>.ss 

3,481 

IS.  as 

« 

12.  «J 

10.38 

Cost  of  material. — The  material  for  the  production  of  Bessemer 
billet  ingots  was  chiefly  Bessemer  pig  iron,  the  proportion  of  scrap 
used  being  very  small.  Thus,  to  produce  the  4,395,606  tons  of 
Bessemer  billet  ingots  there  were  used  4,517,628  tons  of  Bessemer 
pig  iron  and  352,770  tons  of  scrap,  or  93  per  cent  and  7  per  cent, 
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respectively.  Included  with  the  pig  iron  was  the  iron  in  the  spiegel 
and  ferromanganese  used. 

The  average  company  or  book  coat  of  pig  iron  and  scrap  for  1910 
was  $15.16  per  ton  of  ingots.  This  company  or  book  cost  included  a 
large  item  of  intercompany  profit,  which  has  been  already  explained 
(see  p.  372),  going  to  other  subsidiary  companies  which  produced  or 
transported  the  materials  used.  The  profit  was  derived  almost 
wholly  from  the  transfer  profits  on  ore  and  coke  and  from  transpor- 
tation profits  on  ore.  This  profit,  as  shown  in  the  second  column  of 
the  table,  averaged  $4.39  per  ton  of  ingots,  corresponding  to  a  profit 
of  $4.01  per  ton  in  the  price  of  pig  iron  and  scrap.  This  constituted 
the  total  remuneratioD  per  ton  going  to  the  producing  or  transpor- 
tation companies  so  far  as  this  quantity  of  material  was  concerned. 

Deducting  the  intercompany  profit  of  $4.39  per  ton  from  the  com- 
pany or  book  cost,  namely,  $15.16  per  ton,  gives  a  net  or  int^ration 
cost  of  the  p^  iron  and  scrap  used  of  $10.77. 

As  noted  elsewhere,  the  cost  of  the  pig  iron  and  scrap  per  ton  of 
billet  ir^ots  was  determined  by  the  price  per  ton  of  the  pig  iron  and 
scrap  and  the  net  cost  of  waste  in  conversion. 

The  average  inte^ation  price  at  which  the  pig  iron  and  scrap  was 
used  was  $9.85  per  ton  and  the  net  cost  of  waste,  $0.92  per  ton.  As 
thematerialwaslargely  Bessemer  pig  iron,  and  as  the  above  cost  figure 
is  exclusive  of  all  profit,  a  close  correspondence  between  the  average 
int^ration  cost  of  Bessemer  pig  iron,  namely,  $9.71  per  ton  (see 
p.  399),  and  the  int^ration  price  of  the  pig  iron  and  scrap  used,  as 
noted  above,  $9.85  per  ton,  would  be  expected.  The  difference  of 
$0.14  per  ton  was  due  principally  to  the  fact  that  the  average  cost  at 
the  plants  making  the  Bessemer  pig  iron  used  for  producing  billet 
ingots  was  Iiigher  than  the  average  coat  at  the  plants  making  the 
Bessemer  pig  iron  used  for  producing  rail  ingots. 

It  required  1.11  gross  tons  or  2,482  pounds  of  pig  iron  and  scrap  to 
produce  a  gross  ton  of  Bessemer  billet  ingots.  From  this  amount  there 
were  recovered  49  pounds  of  scrap  per  ton  of  iugots,  which  reduced 
the  actual  loss  in  weight  from  a  gross  amount  of  242  pounds  to  193 
pounds  per  ton.  The  actual  loss  in  weight  was,  therefore,  7.8  per 
cent. 

Manganese,  which  is  used  to  toughen  the  steel,  may  also  be  clasd- 
fied  as  a  material.  Practically  the  only  difference  between  billet 
and  rail  ingots,  as  noted  elsewhere,  is  that  the  latter  contains  a  larger 
proportion  of  manganese.  The  average  company  or  book  cost  of 
manganese  was  $0.29  per  ton  of  Bessemer  bUIet  ingots.  The  average 
quantity  used  was  slightly  more  than  12  pounds;  the  average  price 
■per  ton  of  manganese  (this  not  including  the  value  of  the  pig  iron  in 
the  ferromanganese)  was  $52.72.    There  was  a  small  intercompany 
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profit  in  the  item  of  manganese,  namely,  t0.03  per  ton  of  billet 
ingots,  which  goes  back  almost  entirely  to  the  same  sources  as  does 
the  profit  in  the  pig  iron  (i.  e.,  to  ore  and  coke). 

Cost  above  hatebiai.. — ^The  company  or  book  cost  above  mate- 
rial of  Bessemer  billet  iugote  for  1910  was  SI. IS  per  ton.  This 
included  intercompany  profit  items  amountii^  to  S0.03  per  ton,  prin- 
cipally  on  coke  used  in  the  cupolas  and  on  materials  used  in  makii^ 
molds  and  stools,  which  gives  a  net  or  integration  cost  above  materied 
of  $1.15  per  ton. 

Labor  was  the  most  important  item.  The  average  cost  of  labor, 
as  shown  by  the  cost  statement,  was  fO.49  per  ton.  This,  it  should 
be  remembered,  embraced  only  those  chaises  for  labor  which  were 
classified  as  such  under  the  accounting  system  of  the  Steel  Corpora- 
tion, namely,  all  forms  of  producing  labor  and  labor  in  repairs  and 
maintenance.  There  was,  in  addition,  considerable  labor  in  other 
items  of  cost.  Furthermore,  it  should  be  observed  that  the  item  of 
labor,  as  shown  on  the  ingot  cost  statements,  covered  the  labor  ex- 
pense of  the  Bessemer  plant  only. 

The  fuel  used  for  Bessemer  billet  ingota  is  chiefly  coke  for  melt- 
ing the  cold  pig  iron  and  scrap  in  the  cupola  furnaces.  The  com- 
pany or  book  cost  of  this  item  was  $0.15  per  ton  of  billet  ingota. 
Included  therein  was  a  small  amount  of  intercompany  profit,  namely, 
t0.02  per  ton,  which  related  to  the  transfer  profits  contained  in  the 
cupola  coke  used. 

The  average  cost  of  steam — principally  power  to  provide  the  air 
blast  for  the  Bessemer  converters — was  $0.14  per  ton  of  billet  ingota. 
Surplus  gas  from  blast  furnaces  was  used  to  a  considerable  extent. 

In  molds  and  stools,  which  cost  SO.Od  per  ton  of  Bessemer  billet 
ingots,  there  was  an  intercompany  profit  of  JO.Ol  per  ton. 

The  average  cost  of  materials  in  repiurs  and  maintenance  was 
$0.06  pOT  ton  and  of  supphM  and  expense,  $0.25  per  ton. 

Works  cost. — The  company  or  book  works  coat  of  Bessemer  billet 
mgots  for  1910  was  $16.63  per  ton,  and  the  total  intercompany  profit 
embraced  therein  was  $4.45  per  ton.  Deducting  this  total  intei^ 
company  profit  leaves  an  int^ation  works  cost  of  SI2.18  per  ton  of 
ingots,  wluch  ia,  of  course,  exclusive  of  any  return  to  the  anterior 
stages  of  production,  transportation,  and  manufacture. 

No  provisions  for  additional  costs  of  general  expense  and  depre- 
ciation appearii^  in  the  profit  and  loss  accounts  are  comprised  in  the 
cost  statement.  The  Bureau  did  not  apportion  them  for  1910.  An 
additional  cost  for  general  expense  and  depreciation  of  $0.60  per  ton 
(including  cumulative  charges  for  pig  iron)  is  probably  a  normal 
requirement.  (See  p.  373.)  If  this  be  added  to  the  works  integration 
cost,  the  total  integration  cost  would  be  $12.78  per  ton. 


n,s,t,..d:,i.  Google 


424 


THE  BTEBL  IKDUSTBT. 


CouPARisoK  OF  COSTS  AT  DiFFBKENT  PLANTS. — TTie  Company  m 
book  works  cost  of  Besaemer  billet  ingots  is  given  below  for  the  year 
IdlO  for  each  of  the  plants  of  the  Steel  Corporation.  The  plants 
have  been  designated  by  letters  and  arranged  according  to  rank  in 
works  cost.  For  convenience  in  making  compariBons  subtotals  of 
cost  of  material  and  cost  above  material  have  been  given. 

TuLB  lao.— COUP  ANT  OR  BOOK  WORKS  COST  PER  GROSS  TON  OF  BES8EBCBB  SILLRt 
INOOTB  FOR  EACH  OF  THE  PLANTS  OF  THB  BTBEL  CORPORATION  (DESIGNATED 
BY  LETTERS)  AND  AVERAGE  FOR  ALL  PLANTS,  FOR  IMa 


Pig  bun  and  scnp. . 


Cdstolnuterlitl.. 


Pig  Inn  uid  aorep. . . 


OOHrlleiiu 

Cntt  above  materlsl. . . 
Works  ooat' 


of  genaral  eipenn  Ukd  depradatloa  ihown  « 
ad  at  ta.«0  par  too.    <3eap.  371.) 

The  most  significant  figures  in  this  table  are  those  for  cost  above 
material.  The  total  cost  above  material  at  the  plants  having  the 
lowest  cost  was  only  $0.93  per  ton,  while  the  cost  above  material 
at  the  plant  having  the  highest  cost  was  S2.40  per  ton. 

The  greatest  variation  in  the  cost  above  material  was  in  labor. 
The  marked  variation  in  the  cost  of  labor  was  probably  due  to  differ- 
ences in  equipment  and  in  output.  No  part  of  the  difference  was 
due  to  accounting  variations,  as  the  Steel  Corporation  has  systema- 
tized the  cost  accounts  of  allitssubsidiaries.  In  comparing  the  impo^ 
tant  differences  in  the  costs  of  "other  items"  it  was  found  that  tlie 
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plants  iritb  the  lowest  costa  were  the  ones  which  had  the  adrantage 
of  the  use,  in  part  at  least,  of  surplus  gas  from  contiguous  blast  fur- 
n&ces,  and  conversely,  the  plants  with  the  highest  costs  were  the 
ones  which  were  not  so  supphed. 

In  the  following  table  the  Steel  Corporation's  production  of  Bes- 
semer Jiillet  ingots  tor  1910  has  been  arranged  by  cost  groups  show- 
ing, in  addition  to  the  company  or  book  works  cost,  the  integration 
works  cost: 

H^BU  ie7.-COBT  OT  PBODDCTION  OF  BRSSSmR  BILLET  INOOTB  FOE  THE  PLAMTfl 
OF  THE  ffTEEL  CORPORATION,  QBOnPED  ON  THE  BASIS  OF  DIFFERENCES  IN  (1) 
COUP  ANY  OB  BOOK  WORES  COST  AND  (1)  INTEORATION  WOREB  COST,  FOB  MIO. 
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At  6  of  the  13  plants  of  the  Steel  Corporation  producing  2,439,407 
tons,  or  over  55  per  cent  of  the  total  production  of  Bessemer  billet 
ingots  in  1910,  the  average  integration  works  cost  was  only  $11.56 
per  ton.  The  average  integration  works  cost  at  the  remaining  planta 
was  considerably  higher,  the  coat  increasing  with  the  decrease  in  out- 
put. The  average  output  per  plant  of  the  plants  with  an  integration 
cost  of  from  $11  to  $12  per  ton  was  406,568  tons;  from  $12  to  $13 
per  ton,  403,114  tons;  and  from  $13  to  $14  per  ton,  only  125,623 
tons,  while  the  single  plant  with  a  cost  of  S14.54  per  ton  produced 
less  than  100,000  tons. 

The  lowest  integration  works  cost  (including  an  assumed  normal 
additional  cost  of  $0.60  per  ton)  at  any  plant  was  S11.S3,  and  the 
highest  was  $15.14. 

A  more  satisfactory  comparison  of  cost  and  output  can  be  made 
by  showing  the  average  integration  works  cost  according  to  tonnage 
grouping.    There  are  given,  therefore,  in  the  following  table  the  inte- 
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gration  works  cost  ftnd  the  integration  cost  above  materia],  grouped 
on  the  basis  of  output: 

TiELI  108.— COST  OF  PRODUCTION  FEB  GKOSS  TON  OF  BEBSEMEH  BILLET  INGOTS 
FOE  THE  PLANTS  OF  THE  STEEL  CORPORATION,  GROUPED  ON  THE  BASIS  OF 
OUTPUT  SHOWINQ  (1)  INTEOSATION  WORKS  COST,  (2)  INTEOHATION  WOEKS  COST 
ABOVE  MATERIAL,  FOR  IBIO. 
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This  classification  of  the  cost  data  shows  that  with  one  exception 
there  was  a  decline  in  both  the  integration  works  cost  and  the  in- 
tegration cost  above  material  as  the  output  increased.  Thus,  the 
integration  works  cost  at  the  plants  producing  less  than  150,000  tons 
was  $13.65  per  ton;  at  the  plant  producing  from  150,000  to  300,000 
tons,  $13.70  per  ton;  at  the  plants  producmg  from  300,000  to  450,000 
tons,  $12.09  per  ton,  and  at  the  plants  producing  over  450,000  tons, 
$11.09  per  ton.  There  was  a  still  larger  relative  difference  in  the 
coat  above  material.  At  the  plants  producing  less  than  150,000  tons 
the  averi^e  cost  above  material  was  $1.91  per  ton  while  at  ihat  pro- 
ducing from  150,000  to  300,000  tons  the  cost  above  material  was  $1.53 
per  ton.  The  decline  in  the  cost  above  material  at  the  plants  pro- 
ducing from  300,000  to  450,000  tons  was  still  more  marked. 

Section  3.  Steel  Corporation's  integration  cost  of  Bessemer  rail  inj^ots 
for  1910. 

Formerly  all  rails  were  produced  from  Bessemer  steel,  both  for  the 
United  States  as  a  whole  and  for  the  Steel  Corporation  in  particular; 
but  the  rail  production  for  the  country  in  1910  was  about  equally 
divided  between  Bessemer  and  open-hearth  steel.  The  cost  of  pro- 
duction of  Bessemer  rails,  and  therefore  of  Bessemer  rail  ingots,  is  a 
matter  of  especial  interest.  In  the  £rst  place,  the  Bessemer  process 
is  cheaper  than  the  open-hearth  process,  and,  in  the  second  place, 
most  of  the  rails  produced  or  sold  in  foreign  countries  are  made  by 
the  Bessemer  process  (either  acid  or  basic). 

The  following  table  shows  the  average  works  cost  of  Bessemer  rail 
ingots  for  the  Steel  Corporation  for  1910,  as  shown  by  the  books  of 
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the  producing  companies,  together  with  the  intercompany  profits 
included  in  the  items  of  cost  and  the  int^ration  works  cost: 

Tabu  169.— STEEL  COHPOKATION'S  WORKS  COST  I"ER  GROSS  TON  OF  BESSEMER  RAIL 
INGOTS,  AS  SHOWN  BY  PKODUCrNG  COMPANIES'  COST  SHEETS,  APPROXIMATE 
INTEBCOMPANY  PROFITS  INCHJDED  THEREIN,  AND  INTEGRATION  W0BK8 
COST,  AS  SHOWN  BY  THE  RECORDS  OF  THE  CORPORATION,  FOR  1»10. 
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The  Steel  Corporation's  production  of  Bessemer  rail  ingots  for 
1910  was  1,399,127  tons  or  only  24.1  per  cent  of  its  Bessemer  ingot 
production.  Bessemer  rail  ingots  were  produced  at  only  two  of  the 
Steel  Corporation's  plants.  One  plant  produced  796,542  tons  and 
the  other  602,585  tons. 

Cost  of  material. — The  material  for  producing  Bessemer  rail 
ingots  was  chiefly  Bessemer  pig  iron.  Only  a  small  percentage  of 
scrap  was  used.  To  produce  the  above  1,399,127  tons  of  Bessemer 
rail  ingots  required  the  use  of  1,525,279  tons  of  metal  of  which 
1,382,293  tons,  or  91  per  cent,  were  of  Bessemer  pig  iron  and  142,986 
tons,  or  9  per  cent,  were  of  scrap. 

The  average  company  or  book  cost  of  the  pig  iron  and  scrap  was 
$14.90  per  ton  of  rail  ingots.  This  company  or  book  cost  included, 
however,  as  shown  in  the  second  column  of  the  table,  an  inter- 
company profit  item,  as  explained  above,  going  to  other  subsidiaiy 
companies  which  produced  or  transported  the  material  used.    This 
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profit  goGB  back  through  the  pig  iron  to  the  raw  material,  consisting 
chiefly  of  tranter  profile  on  ore  and  coke  and  transportation  profits 
on  ore.  The  amount  of  this  intercompany  profit  was  $4-66  per  ton 
of  Bessemer  rail  ingots,  coiresponding  to  a  profit  of  $4.36  per  ton 
in  the  price  of  p^  iron  and  scrap;  this  comprised  the  total  remu- 
neration per  ton  accruing  to  such  producing  or  carrying  companies 
for  such  products  or  services.  Deducting  the  intercompany  profit 
in  the  pig  iron  and  scrap  of  S4.66  per  ton  from  the  company  or  book 
cost  of  S14.90  givee  an  integration  cost  of  S10.24  per  ton. 

The  integration  price  of  the  pig  iron  and  scrap  per  ton  and  the  net 
cost' of  waste  in  conversion — the  factors  determining  the  cost  of  pig 
iron  and  scrap  per  ton  of  ingots— were  $9.60  per  ton  and  $0.64  per 
ton,  respectively.  This  averse  price  of  pig  iron  and  scrap  was  $0.11 
less  than  the  average  furnace  cost  of  the  total  Bessemer  pig  iron  pro- 
duction. (See  Table  150,  p.  396.)  It  will  be  recalled  that  the  price 
of  the  pig  iron  and  scrap  used  for  Bessemer  billet  ingoto  was  slightly 
above  the  cost  of  the  total  Bessemer  pig  iron  production.  Combin- 
ing the  quantities  of  Bessemer  pig  iron  and  scrap  used  in  making 
Bessemer  billet  and  Bessemer  rail  ingots  gives  a  total  consumption 
of  6,395,677  tons  at  an  average  price  of  $9.79,  whereas  the  production 
of  Bessemer  pig  iron  was  6,269,534  tons  and  the  int^ration  cost  $9.71 
per  ton.  The  difference  of  only  $0.08  per  ton  was  partly  due  to  han- 
dling charges  and  partly  to  the  use  of  small  quantities  of  scrap. 

It  required  1.09  gross  tone  or  2,442  pounds  of  pig  iron  and  scrap 
to  produce  a  gross  ton  of  Bessemer  rail  ingots.  From  this  groBS 
charge  there  were  recovered  77  pounds  of  scrap  per  ton  of  ingots 
which  reduced  the  gross  loss  in  weight  of  202  pounds  to  a  net  loss 
of  125  pounds.     The  net  loss  in  weight  was,  therefore,  5.1  per  cent. 

The  cost  of  manganese  in  the  manufacture  of  rail  ingots  is  a  more 
important  item  than  for  billet  ingots.  The  quantity  of  manganese 
used  per  ton  of  Bessemer  rail  ingots  was  nearly  31  pounds  and  the 
price  per  ton  of  manganese,  not  including  the  value  of  the  pig  iron 
in  the  epiegel  and  ferromanganese,  averaged  $56.19  per  gross  ton. 
The  average  company  or  book  cost  of  manganese  per  ton  of  Bessemer 
rail  ingots  was,  therefore,  $0.77.  Taking  all  the  Bessemer  rail  ingot 
production  of  the  Steel  Corporation,  the  prices  at  which  manganese 
(and  other  similar  metallic  additions)  were  charged  to  the  steel  works 
resulted  in  an  intercompany  loss  instead  of  an  intercompany  profit; 
this  loss,  however,  amounted  to  a  httle  less  than  $0.01  per  ton  of 
product. 

Cost  above  uatebial.— The  total  company  or  book  cost  above 
material  of  Bessemer  rail  ingots  for  1910  was  $1.18  per  ton.  Included 
in  this  company  cost  were  certain  items  of  intercompany  profit, 
chiefly  on  coke  used  in  the  cupolas,  materials  used  in  repairs  and 
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mamteoimce  and  in  making  molds  and  stools,  amounting  to  $0.03  per 
ton.  Deducting  thia  profit  gives  an  integration  works  coat  above 
material  of  $1,15  per  ton. 

Labor  was  the  largest  single  item  of  cost  above  material.  The  labor 
cost,  as  shown  by  the  cost  statement,  was  tO.52  per  ton  of  ingots. 
This  cost,  as  in  other  similar  cost  statements,  embraced  only  those 
chaises  for  labor  which  were  classified  as  such  under  the  accounting 
system  of  the  Steel  Corporation  and  included  all  forms  of  producing 
labor  and  labor  in  repairs  and  maintenance.  There  was,  in  addition, 
considerable  labor  in  other  items  of  cost.  Furthermore,  the  item  of 
labor,  aa  shown  on  the  cost  statement,  covered  the  labor  expense  of 
the  Bessemer  works  only. 

The  company  or  book  cost  of  fuel — cupola  coke  used  in  melting 
cold  pig  iron  and  scrap — was  $0.10  per  ton.  Included  in  this  com- 
pany cost  waa  a  smell  amount  of  intercompany  profit  which  averaged 
10.01  per  ton.  Thia  arose  from  the  intercompany  transfer  of  coke 
at  a  profit. 

The  cost  of  steam  was  $0.13  per  ton  of  Bessemer  rail  ingots.  Thin 
item  of  cost  waa  chiefly  for  power  to  provide  the  air  blast  for  the 
Bessemer  converters.  The  fuel  used  was  largely  surplus  gas  from 
bla«t  fiimaces.  For  tiiia  reason,  therefore,  there  was  no  intercom- 
pany profit  of  any  importance  in  this  item  of  cost. 

The  averse  company  or  book  costs  of  molds  and  stools  and  of 
materials  in  repairs  and  maintenance  were  tO.08  and  S0.07  per  ton, 
respectively.  In  each  of  these  items  of  cost  were  found  transfer 
profits  on  materials  used  amounting  to  $0.01  per  ton  of  product. 
SuppUes  and  expense  amounted  to  $0.28  per  ton  of  ingots.  There 
was  no  intercompany  transfer  profit  in  this  item. 

WoRSS  COST.— The  company  or  book  works  cost  of  Bessemer  rail 
ingots  for  1910  was  $16.85  per  ton  and  the  total  intercompany  profit 
included  therein  was  $4.68  per  ton. 

Deducting  the  total  intercompany  profit  ($4.68  per  ton)  from  the 
company  or  book  works  cost  of  the  ingots,  reduced  it  from  $16.85  to 
(12.17  per  ton.  This  constituted  the  works  cost  of  these  ingots, 
exclusive  of  any  return  to  the  anterior  stages  of  production,  tran»- 
portatioD,  and  manufacttire. 

This  works  cost,  it  should  be  kept  in  mind,  does  not  allow  for  any 
general  expense  or  depreciation  (additional  cost)  appearing  in  the 
profit  and  loss  accounts  of  the  producing  companies  and  not  allocated 
to  particular  products.  The  Bureau  did  not  apportion  these  expenses 
for  the  year  1910,  but  if  the  estimated  normal  charge  for  general  ex- 
pense and  depreciation  (see  p.  373)  were  used,  namely,  $0.60  per  ton 
(which  includes  cumulative  charges  for  pig  iron),  the  total  book  cost 
would  be  $17.45  per  ton  and  the  integration  cost  $12.77  per  ton. 
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Section  4.  Steel  Corporation's  integration  cost  of  basic  open-hearth 
ingots  for  1910. 

The  basic  open-hearth  processes  used  by  the  Steel  Corporation  are 
the  ordinaiy  basic  process  in  the  North,  and  the  duplex  process  in  the 
South.  The  duplex  process  consists  in  first  putting  basic  pig  iron 
through  an  acid  Bessemer  converter,  chiefly  to  remove  the  silicon, 
and  then-treating  the  metal  in  basic  open-hearth  furnaces  to  remove 
the  phosphorus.  A  description  of  the  basic  processes  has  already 
been  given.     (See  pp.  130-1:53.) 

The  two  processes  are  so  different  tJiat  the  costs  for  each  should  be 
stated  separately.  Furthermore,  the  Northern  costs  show  important 
items  of  intercompany  profit,  while  the  Southern  costs,  being  those 
for  a  completely  unified  company  (Tennessee  Coal,  Iron  &  Railroad 
Co.),  do  not  show  any  such  profits  in  their  costs. 

In  the  following  table  are  shown  the  average  works  costs  of  basic 
opea-hearth  ingots  at  the  Northern  plants  and  at  the  Southern  plants 
of  the  Steel  Corporation  in  1910,  together  with  the  intercompany 
profit  included  in  the  items  of  cost  and  the  integration  works  cost. 

Table  170.— STEEL  CORPORATION'S  WORKS  COST  PER  GROSS  TON  OF  BASIC  OPEN- 
HEARTH  INGOTS  AT  XOBTHERX  WORKS  AND  AT  SOUTHERN  WORKS,  AS  BHOWS 
BY  PBODUCINO  COMPANIES'  COST  SHEETS,  APPROXIMATE  INTERCOMPANY  PROF- 
ITS INCLUDED  THEREIN,  AND  INTEORATION  WORKS  COST,  AB  SHOWN  BY  THE 
S  OF  THE  CORPORATION,  FOR  1»10. 
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N<»3iiGBN  WORKS. — The  Steel  Corporation's  total  production  of 
basic  opefi-hearth  ingots  for  IdlO  was  7,981,910  tons.  Of  this  total 
7,472^903'  tons,  or  93.6  per  cant,  were  produced  at  its  Northern 
woi^,  and  509,007  tons,  or '6.4  per  o^t,  at  its  Southern  vorics. 

Ooat  a/"  material. — The  mabenal  fw  produciog  basic  {^en-faesrtii 
iiigots  eoiwsted  dneSj  of  basic  pig  iron  Hid  scrap.  A  small  quan- 
tity of  ore,  cinder,  and  scale  was  used  also.  A  much  larger  propor- 
tion of  scrap  is  used  in  the  open-hearth  process  than  is  the  Bessemer 
process.  Thus,  to  produce  ^ese  7,472,903  tons  of  baaic  open-hearth 
ingots  there  w«:e  used  S,408,739  bona  of  metal  consisting  of  4,727,634 
ttHis  (^  ^  iron,  3,272,407  tone  of  scrap,  and  408,698  tons  of  on, 
cinder,  and  scale.  The  material  ocmsisted,  tiurofore,  of  appKod- 
mabety  56  par  «ent  of  pig  iron,  39  per  cent  of  scrap,  and  6  per  cent  of 
<HV,  cinder,  an^  aeaia. 

The  average  company  or  bode  cost  of  pig  iron  and  scrap  at  North- 
em  works  was  $14.37  per  ton  of  iogote.  This  cost  included  a  laxge 
item  of  intwcompany  profit,  shown  in  the  second  column  of  tbe 
table,  which,  as  has  already  been  explained  above,  represents  tbe 
total  profit  earned  by  other  subsidiary  companies  on  the  material 
charged  in  tbe  oost  sheet,  and  ooiwtitated,  in  so  far  as  tiieee  quanti- 
tities  of  material  are  concerned,  the  return  on  the  capital  invested  in 
anterior  atagee  of  production  and  transportation.  This  profit  goes 
back  idnx>at  wholly  to  the  tranter  and  tnuisportation  profits  on  ore 
and  Qohe. 

Tbe  averc^  profit  in  the  pig  iron  and  scrap  amounted  to  S3. 48  pw 
ton  of  ingots,  which  corresponds  to  a  profit  of  S3.24  per  ton  in  the 
price  of  pig  iron  and  scrap.  Deducting  the  int^-company  profit  of 
S3.48  per  ton  of  ingots  from  the  company  or  book  cost  of  $14.37  givee 
an  integration  cost  of  pig  iron  and  8cra|r  of  only  SI0.89  per  ton  of 
ingots.  The  inte^ation  price  of  the  pig  iron  and  scrap  per  ton  was 
$10.09  and  the  net  cost  ot  waste  in  conreraioo  was  $0.80  per  ton  of 
product,  making  a  net  cost  of  pig  iron  and  scrap  per  ton  of  ingots 
$10.89,  as  noted  above. 

It  required  1.13  tons  or  2,521  pounds  of  pig  iron  and  scrap  to  pro- 
duce a  gross  ton  of  basic  open-hearth  ingots.  From  this  gross  chaige 
there  were  recovered  123  pounds  of  scrap  per  ton  of  product,  whic-h 
reduced  the  net  loss  in  weight  to  158  pounds  per  ton.  The  net  loss  m 
weight  was,  therefore,  6.3  per  oent. 

Manganese  uid  limestone  also  are  here  classified  as  material.  The 
average  company  or  book  cost  of  manganese  was  $0.36  per  ton  of 
Northern  basic  open-hearth  ingots.  As  this  basic  open-hearth  steel 
was  both  rail  and  billet  steel,  the  cost  of  manganese  was  higher  than 
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it  would  have  been  if  the  steel  had  been  all  billet  steel  and  conmdera- 
bly  lower  than  if  the  steel  had  been  all  rail  steel.  The  aTer^e  quan- 
tity of  mangatibse  used  per  ton  of  ingots  was  12  pounds  and  the 
average  price  per  ton  of  manganese,  not  including  the  value  of  Hio 
pig  iron  in  the  ferromanganese,  was  $66.09  per  ton.  In  the  man- 
gaoeee  used  there  was  an  intercompany  profit,  averaging  S0.02  per 
ton  of  ingots. 

Limestone  is  used  in  the  basic  open-hearth  process  for  the  purpose 
of  eliminating  the  phosphorus  in  the  iron  and  forms  an  important  item 
of  cost.  "Die  average  coet  of  limestone  was  $0.14  p^  ton  of  ingots. 
A  very  small  amount  of  intercompany  profit,  less  than  one-half  cent 
per  ton,  was  included  in  this  cost. 

Cost  above  material. — The  total  company  or  book  cost  above  mate- 
rial of  basic  open-hearth  ingots  at  the  Northern  works  of  the  Steel 
Corporation  for  1910  was  $2.32  per  ton.  This  company  or  book  cost 
included  intercompany  profit  items  amounting  to  $0.04  per  ton, 
arising  principally  from  transfer  profits  on  coal  used  for  making 
producer  gas  and  on  materials  used  la  the  manufacture  of  molds  and 
stools. 

Of  the  cost  above  material  in  the  making  of  basic  open-hesrth  ingots 
the  items  of  labor  and  fuel  were  the  most  important.  The  average 
cost  of  labor  was  $0.68  per  ton.  This  embraces  all  forms  of  pro- 
ducing labor  and  labor  in  repairs  and  maintenance.     (See  p.  429.) 

The  average  cost  of  fuel  for  melting  was  $0.65  per  ton — almost  as 
high  as  the  labor  cost.  The  fuel  used  was  principally  natural  gas  and 
oil,  although  a  considerable  quantity  of  coal  for  making  producer  gas 
was  also  used.  Natural  gas  was  chained  at  prices  ranging  from  $0,043 
to  $0.13  per  thousand  cubic  feet,  the  greater  quantity  being  used  at 
the  former  price,  which  was  stated  to  have  been  below  the  cost  of 
production.  The  intercompany  profit  for  fuel  averaged  $0.02  per 
ton  of  ingots  and  was  chiefly  from  transfer  profits  included  in  the 
cost  of  coal  used  for  making  producer  gas.  There  was  no  intercom- 
pany profit  in  the  natural  gas  used  for  fuel. 

Steam  was  a  comparatively  small  item  in  the  cost  of  basic  open- 
hearth  ingots,  because  practically  the  only  power  required  was  for 
handling  material  and  product.  Ilie  average  cost  of  this  item  was 
only  $0.01  per  ton. 

The  average  company  or  book  cost  of  molds  and  stools  was  $0.09 
per  ton,  in  which  there  was  an  intercompany  profit  of  $0.02  per  ton. 
The  average  cost  of  materials  in  repairs  and  maintenance  was  also 
$0.09  per  ton,  and  the  average  cost  of  supplies  and  expense  was  $0.44 
per  ton.  Included  in  the  item  of  supplies  and  tools  was  the  cost  of 
refractories,  an  important  item  of  cost  for  the  basic  open-hearth 
process,  averting  $0.21  per  ton. 
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The  rebuilding  fund  is  similar  to  the  reOning  fund  for  the  blast 
furnaces  and  is  a  special  provision  for  the  rebuilding  of  the  open-hearth 
furnaces.  The  average  provision  amounted  to  tO.36  per  ton  of  ingots. 
It  differed  from  the  blast  furnace  relining  charge  inasmuch  as  the  open- 
hearth  rebuilding  fund  provision  was  not  uniform,  ranging  at  different 
works  from  $0.19  per  ton  to  $0.89  per  ton.  Disregarding  the  last 
figure,  which  was  abnormal,  the  range  was  from  $0.19  to  $0.56  per  ton. 

Works  cost. — The  company  or  book  works  cost  of  basic  open-hearth 
ingots  at  the  Northern  works  of  the  Steel  Corporation  for  1910  was 
$17.19  per  ton,  and  the  intercompany  profit  included  therein  was 
$3.54  per  ton. 

Deducting  the  intercompany  profit,  namely,  '$3.54  per  ton,  ft*om 
the  works  cost  of  these  ingots,  as  shown  on  the  cost  sheets,  leaves  an 
integration  cost  of  $13.65  per  ton.  This  constituted  the  works  cost 
of  these  ingots,  exclusive  of  any  return  to  the  anterior  stages  of  pro- 
duction, transportation,  and  manufacture. 

As  already  explained  in  the  case  of  other  products,  the  works  cost 
does  not  include  any  of  the  unallocated  charges  for  general  expense 
and  depreciation  (additional  cost)  appearing  in  the  profit  and  loss 
accounts  of  the  producing  companies.  The  Bureau,  as  already 
noted,  did  not  apportion  them  for  the  year  1910.  Assuming  $0.85 
as  a  normal  charge  (including  cumulative  charges  for  pig  iron,  see 
p.  373),  the  total  cost  for  these  ingots  at  Northern  works  would  bo 
$14.50  per  ton. 

Comparison  of  costs  at  different  works. — -The  Steel  Corporation  pro- 
duced basic  open-hearth  ingots  at  a  sufficiently  large  number  of  works 
in  the  North  to  make  an  interesting  comparison  of  costs  by  works. 
Therefore,  there  are  given  in  the  table  following  the  detailed  book 
works  costs  at  each  of  the  Northern  works  of  the  Steel  Corporation 
producing  basic  open-hearth  ingots  in  1910.  The  works  (or  bat- 
teries where  more  than  one  battery  was  found  at  one  works)  have  been 
designated  by  letters  and  arranged  according  to  rank  in  works  cost, 
from  lowest  to  highest.  For  convenience  in  making  comparisons  the 
subtotals  of  cost  of  material  and  cost  above  material  are  given. 
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TaSLS  17L— COlfPANT  OB  BOOK  WOBES  COST  PKB  OROSS   TON  Of  BABIC  OFZN- 
HBABTH  INOOTS  (NOBTBEBN  WORKS)  FOR  EACH  OP  THE  WORKS '  OF  THE  BTEBL   : 
N  <DKBIflNATBD  BY  LBTTEBS}  AND  ATVBAaE  FOB  ALL  WORKS,  FOB 
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I  Where  moio  than  one  battery  was  found  at  a  given  works,  each  battery  h  shown  separately. 
'  Tho  worVa  cost  does  not  Indude  the  additional  ooats  of  genoral  eipeusa  and  depreciation  shown  on 
aiepraBtaiidta39ac(!onnl3,whlchmay  beanainedBtla.83per  ton.    (Seep,  373,) 

The  most  sigoificant  figures  in  this  table  are  for  the  cost  above  mate- 
rial.   The  cost  above  material  ranged  from  11.70  per  ton  to  $4.30  per 
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ton,  a  difinvnoe  <4  12.80.  The  worte  with  the  lowest  oost  above 
material,  namely  $1,70  per  ton,  had  the  largest  production  of 
ingots.  However,  ik  is  not  true  tJiat  all  of  the  works  having  com- 
paratively large  production  had  low  Goste  above  material,  for  at  some 
of  them  the  costa  above  material  were  very  hi^. 

The  average  annua]  out^t  per  works  (or  battery)  was  approxi- 
mately 340,060  tons. 

SotTTDERN  WORKS. — ^Afl  already  noted,  the  cost  of  open-hearth  rail 
ingots  Rt  the  Southern  works,  owing  to  the  character  and  organiza- 
tion of  the  Southern  iron  industry,  did  not  include  any  intercompany 
profit.  The  costs  are  of  especial  interest  for  purposes  of  comparison 
with  those  of.  the  Northern  works  aheady  considered.  It  is  evident 
that  for  such  a  comparison  such  a  proper  basis  is  the  integration  cost 
of  the  Northern  works;  otherwise,  large  intercompany  profits  would 
be  included  in  the  coats  in  one  case  tuid  not  in  the  other.  These  costs 
of  Southern  basic  open-hearth  ingots  are  shown,  as  previously  noted, 
in  Table  170,  p.  430. 

Cost  of  material. — The  cost  of  pig  iron  and  scrap  per  ton  of  ingots 
at  the  Southern  works  was  $9.36.  This  low  cost  was  directly  due, 
of  course,  to  the  very  low  furnace  cost  of  pig  iron  for  the  furnaces  of 
the  Steel  Corporation  in  this  district  (see  p.  416),  namely,  $8.57  per 
ton  of  pig  iron.  The  actual  transfer  price  was  $8.60;  mostly  for  hot 
metal  from  the  blast  furnaces.  A  considerable  quantity  of  scrap  was 
used — ^about  21  pw  cent  of  the  total  gross  metallic  mixture — for 
which  tfce  averse  price  was  a  httle  over  that  of  the  pig  iioa  (because 
the  scrap  was  mostly  steel  for  which  the  percentage  of  pure  iron  is 
higher  than  for  pig  iron).  However,  a  comparatively  large  tonnage 
of  ore,  cinder,  and  scale  was  used  at  an  average  price  of  $2.48  per 
ton,  which  reduced  the  average  price  of  the  pig  iron  and  scrap  used 
to  $8.43  per  ton. 

In  the  cost  of  pig  iron  and  scrap,  therefore,  the  Southern  works 
had  an  advant^e  over  the  Northern,  their  coats  beii^,  respectively, 
19.36  and  $10.89  per  ton  of  ingots. 

The  manganese  cost  for  the  Southern  works  was  $0.63  per  ton  of 
product,  or  $0.29  higher  than  for  the  Northern,  works,  but  this  was 
because  the  steel  was  very  largely  rail  steel,  while  only  a  small  part  of 
the  steel  produced  at  the  Northern  works  was  used  for  making  rails. 
Cost  above  nuUerial. — The  labor  coat  at  the  Southern  works  aver- 
ted $0.79  per  ton  of  ingots,  against  $0.68  at  the  Northern  works. 
The  additional  iabor  involved  in  the  duplex  process  at  the  Southern 
works  was  reflected  in  the  costs.  Generally  speaking,  also,  the  labor 
at  the  Southern  works  was  less  efficient.  For  the  item  of  labor  for 
melting  and  converting,  however,  there  was  no  difference,  while  for 
charing  the  open-hearth  furnaces  the  Southern  works  had  a  slight 
advantage;   in  both  cases  the  explanation  is,  perhaps,  found  in  the 
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fact  that  the  SonUiov  woib  used  a  somewhat  h^ier  proportion  of 

hot  metal. 

In  the  cost  of  fuel  ihe  Southern  woiks  showed  S0.62  pa-  ton  of 
ingots,  as  against  S0.63  for  the  Northern  works,  in  spite  of  much 
lower  transfer  prices  for  fud. 

For  the  remaining  items  of  cost,  it  will  be  noted  that  the  costs 
for  ihe  Southern  works  were  considerably  hi^er  than  for  the  North- 
txa  works.  Here,  again,  the  general  explanaidon  is  undonbtedly 
found  in  the  more  complicated  character  of  the  duplex:  process. 

The  rebuilding  fund,  \rtiklt  is  similsr  to  depreciation  (see  p.  433) ,  was 
90-45  for  the  Southern  works,  or  t0.09  higher  than  for  the  Northern. 
Wonts  coat. — The  works  cost  of  the  Southern  works  was  $13.34 
per  ton  of  ingots,  as  against  $13.65  for  the  Northern  works.  In 
order  to  make  a  fair  con^>arison  it  would  be  necessary,  however, 
to  add  Bometliii^  to  the  manganese  cost  for  the  Northern  works  to 
put  them  on  an  ev&i  basis  in  this  respect,  because  the  Southern  works 
made  rail  steel  principally.  This  necessary  addition  may  be  esti- 
mated at  the  differ«ice  between  the  two,  namely,  $0.29  per  ton, 
wluch  would  increase  the  cost  at  Northern  works  to  $13.94,  as  com- 
pared with  $13.34  for  the  Southern  works.  Thus,  while  the  Southern 
steel  works  had  a  great  advantage  in  the  cost  of  its  pig  iron  and 
scrap,  this  advant^e  was  partly  offset  by  higher  costs  above  mateml- 

Neither  of  these  average  costs  just  compared  include  any  allowance 
for  additional  costs  of  general  expense  and  depreciation.  (See  p.  373.) 
.Assuming  as  a  normal  addition  to  the  works  costs  $0.85  for  the 
Northern  works  and  $0,95  for  the  Southern  works  (which  would  be 
greater  on  account  of  the  duplex  process),  the  total  costs  would  be 
$14.50  for  the  Northern  works  and  $14.29  for  the  Southern  works. 
A  fair  comparison  requires  the  addition  for  manganese  noted  above, 
namely,  $0.29  per  ton,  which  ^ves  a  cost  for  the  Northern  works  of 
$14.79  per  ton  and  for  the  Southern  works  of  $14.29  per  ton,  or  a 
difference  of  exactly  $0.50  per  ton  in  favor  of  the  latter. 

Section  5.  Steel   Corporatioa's   integration  cost   of  acid  open-hearth 
ingots  for  1910. 

The  acid  open-hearth  process  of  making  steel  is  used  by  the  Steel 
Corporation  in  a  small  way  only.    A  brief  description  of  this  process    < 
has  been  given  on  page  131. 

In  the  table  foUowing  is  shown  the  average  works  cost  of  acid 
openhearth  ingots  at  the  Steel  Corporation's  plants  in  1910  t<^ther 
with  the  intercompany  pn^ts  induded  therein  and  the  int^p-ation 
works  cost. 
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TXBU 172.— aTBBL  CORPORATION'S  WORKS  COST  PER  GROSS  TON  OF  ACID    OPEN' 

HEARTH  INGOTS,  AS  SHOWN  BY  PRODUCING  COMPANtEH'  COST  SHEETS,  APFROXl- 
UATB  INTBRCOUPANY  PROFITS  INCLUDED  THEREIN,  AND  INTEGRATION  WORKB 
COST,  AS  SHOWN  BY  THE  RECORDS  OF  THE  CORPORATION,  FOR  1810. 
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The  Steel  Corporation's  production  of  acid  open-hearth  ingots  for 
1910  waa  oii]y251,219toii3,  or  less  than  2  per  cent  of  its  total  ingot 
production. 

Cost  op  material. — The  material  for  producing  acid  open-hearth 
ingots  was  chiefly  Bessemer  pig  iron  and  scrap.  Basic  pig  iron,  which 
is  high  in  phosphorus,  can  not  be  used,  as  none  of  the  phosphorus  in 
the  iron  is  eliminated  by  thi^  process.  {See  p.  131.)  A  very  large 
proportion  of  scrap  (generally  basic  open-hearth  scrap  which  is  low 
in  phosphorus)  is  used.  Thus,  the  production  of  251,219  tons  ot 
acid  open-hearth  ingots  required  the  use  of  273,322  tons  of  metal, 
of  which  63,213  tons  consisted  of  pig  iron,  207,563  tons  of  scrap, 
and  2,556  tons  of  ore,  cinder,  and  scale,  corresponding  to  percentages 
of  23.1,  75.9,  and  1.0,  respectively,  of  the  total  metal  charged. 

The  average  company  or  book  cost  of  pig  iron  and  scrap  was  $16.11 
par  ton  of  ingots.  This  company  cost  included  a  large  Item  of  inter- 
company profit,  as  shown  in  the  second  column  of  the  table,  which 
represented  the  total  profit  earned  by  other  subsidiary  companies  on 
these  materials,  and  constituted,  so  far  as  they  were  concerned,  the 
return  on  the  capital  invested  in  anterior  stages  of  production  and 
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transportation.  The  average  intercompany  profit  in  the  pig  ircm  and 
scrap  was  $4.14  per  ton  of  acid  open-hearth  ingota.  ThJB  profit  per 
ton  of  ingots  corresponded  to  a  profit  of  13.94  per  ton  in  the  price  of 
pig  iron  and  scrap. 

Deducting  the  intercompany  profit  in  the  pig  iron  and  scrap  of 
S4.14  per  ton  of  ingots  from  the  company  or  book  cost  of  $16-11  per 
ton  gives  a  net  or  int^ation  cost  of  $1 1.97  per  ton.  The  integration 
price  of  the  pig  iron  and  scrap  per  ton  was  $11.42  and  the  net  cost 
of  waste  in  converaion  was  $0.55  per  ton,  making  the  cost  of  pig  iron 
i«id  scr^  $11.97  per  ton  of  ingots,  as  noted  above. 

It  required  1.09  tons  or  2,437  pounds  of  pig  iron  and  scrap  to  pro- 
duce a  gross  ton  of  acid  open-hearth  ingots.  There  were  recovered 
from  this  gross  charge  103  poun<ls  of  scrap  per  ton  of  product 
which  reduced  the  actual  loss  in  weight  to  94  pounds.  The  actual 
loss  in  weight  was,  therefore,  only  3.9  per  cent. 

The  average  company  or  book  cost  of  manganese  was  $0.49  p«  1 
ton  of  ingots  in  which  there  was  an  Intercompany  profit  of  $0.07  j 
per  ton.  The  item  of  limestone  does  not  appear  on  this  statement,  ; 
as  limestone  is  not  used  in  the  acid  open-hearth  process.  j 

Cost  above  hatbbial. — The  total  company  or  book  cost  above  j 
material  was  $2.37  per  ton.  Included  in  tins  cost  was  an  intercom- 
pany profit  item  of  $0.06  per  ton  arising  from  materials  used  in  I 
making  molds  and  stools. 

The  avetage  cost  of  labor  was  $0.73  per  ton,  and  the  average  costs 
of  fuel  and  steam  were  $0.68  and  $0.02,  respectively.  There  was 
no  intercompany  profit  of  any  importance  in  the  items  of  fuel  or 
ateam.  In  molds  and  stools,  however,  there  were  intwcompsnj 
profits  of  $0.06  per  ton,  which  reduced  the  net  cost  to  $0.07  per  ton. 
The  intercompany  profit  in  molds  and  stools  was  unusually  large, 
due  to  the  fact  that  one  works,  producing  over  50  -pet  cent  of 
the  total  quantity,  instead  of  making  its  own  molds  and  stools  pur- 
chased them  from  another  subsidiary,  the  purchase  price  including 
a  considerable  item  of  inteoxiompany  profit.  Supplies  and  expense, 
including  refractories,  and  rebuilding  fund  provision  axaounted, 
respectively,  to  $0.61  and  $0.12  per  ton. 

Works  cost. — ^The  c(Mnpany  or  book  wra-ks  cost  of  the  Steel  Coi^ 
p€Kration's  production  of  acid  open-hearth  ingots  for  1910  was  $18.97 
far  ton,  and  the  intercompany  profit  included  therein  was  $4.27  per 
ton.  Deducting  this  intercompany  profit  of  $4,27  per  ton  from  the 
company  cost  leaves  an  integration  cost  of  $14.70  per  ton.  This 
constituted  the  works  cost  of  acid  open-hearth  ingots  exdusive  of 
any  return  to  the  anterior  stages  of  production,  transportation,  and 
manufacture. 

As  explained  in  the  case  of  other  products,  the  works  cost  does  not 
include  any  of  the  unallocated  charges  for  general  expense  and  depre- 
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(additioeal  cost)  a{^>earing  in  the  profit  and  loes  aoeount& 
(4  the  producing  companies.  The  Bureau,  m  already  noted,  did  not 
apportion  them  for  the  year  1910,  but  has  used  an  asaumed  norma) 
figure  ioBtead.  (See  p.  373.)  Taking  S0.85  aa  a  Dormal  charge 
(includukg  cumulatwe  charges  for  pig  iron)  the  total  integratton  cost 
for  theae  ingots  would  be  $15.55  per  tx>n. 

Section  6.  Comparisoa  of  Steel  Corporation's  integration  costs  ot 
Bessemer  and  open-heartli  ingots  for  IdlO. 
For  ccMivenience  in  compariBoa,  the  integratton  works  costs  (i.  e., 
ftxfllusive  of  intercompany  profits  on  transportation  and  transfea-s  of 
material)  of  the  Steel  Corporation  for  Brasemer  billet  ingote,  Bessemer 
rail  i^ots,  haeic  open-hearth  ingots  at  Nca-them  and  Southern  works, 
and  acid  open-hearth  ingots  for  the  year  1910  are  shown  in  the 
following  table: 

TtBU  ITa.—COUPASISOH  or  BTBBL  corporations  DITEOBATION  WORKS  COST 
FEB  QROSe  TOM  FOR  8KSfi£U£R  BILLET,  BEBB£UKR  RAIL,  BASIC  OPBN-HBAItTa 
(NORTHEKN  AND  SOUTHERN),  AND  ACID  OPEN-HEAHTH  INGOTS,  AS  SIIOWN  BY 
THE  BSCOKDS  OF  THE  STEEL  CORPORATION,  FOR  Ilia 
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.07 

.62 
.31 
.70 

■« 

.08 

I-IS 

1.16 

2.28 

3-13 

^.l8 

12.17 
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Ket  cat  or  waste 

'  This  does  not  Include  any  allovance  lor  additional  costs  of  goieial  sipMise  v 
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As  ihe  costs  of  the  seTeral  kinds  of  ingots  have  been  discussed  &t 
some  lengtii  in  the  preceding  sections  of  this  chapter,  a  detailed  dis- 
cussion and  explanation  is  unnecessary  here. 

Attention  may  be  called  to  the  fact,  however,  that  Bessemer  tnllet 
and  Bessemer  rail  ingot  costs  were  practically  the  same,  and  con- 
siderably less  than  the  cost  of  open-hearth  ingots.  For  Bessemer 
ingots  the  cost  of  material  and  cost  above  material  were  both  less 
than  for  open-hearth  ingots  made  in  the  North. 

The  lowest  cost  of  material  for  any  kind  of  ingots  was  for  basic 
open-hearth  ingots  at  the  Southern  works  of  the  Steel  Corporation, 
Compared  with  Bessemer  ingots,  this  was  more  than  offset  by  the 
lai^er  cost  above  material. 

The  cost  above  material  for  the  open-hearth  processes  at  Northern 
works  was  almost  twice  as  large  as  for  the  Bessemer  process. 

Adding  to  the  works  intc^ation  cost  of  the  several  kinds  of  ingots 
the  estimated  normal  charge  for  general  expense  and  depreciation, 
namely,  S0.60  per  ton  for  Bessemer  billet  and  rail  ingots,  $0.85  and 
tO.95  per  ton  for  basic  open-hearth  ingots  at  the  Northern  and 
Southern  works,  respectively,  and  $0.85  per  ton  for  tJie  acid  open- 
hearth  ingot«,  gives  a  total  cost  of  S12.7S  per  ton  for  Bessemer  billet 
ingots,  $12.77  per  ton  for  Bessemer  rail  ingots,  $14.50  per  ton  for  ' 
Northern  basic  open-hearth  ingots,  $14.29  per  ton  for  Southern  ham 
open-hearth  ingots,  and  $15.55  per  ton  for  acid  open-hearth  ingote. 

These  total  integration  costs  are  exclusive  of  any  return  to  anterior 
stages  of  production,  transportation,  and  manufacture. 
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CHAPTER  XVHI. 

STEEL     COKPORATIOV'S    IVTEOKATIOV     COSTS     OF    SEAVT 
BOILED  PRODUCTS  FOB  1910. 

Section  1.  Introductoiy. 

The  rolled  steel  producte  of  the  Steel  Corporation  for  which  costs 
of  production  are  presented  in  this  chapter  do  not  extend  beyond 
the  heavier  kinds,  viz,  blooms,  slabs,  large  billets,  small  billets,  rails, 
plates,  and  structural  shapes. 

The  Steel  Corporation's  production  of  blooms,  slabs,  and  large 
billets  was  used  almost  entirely  for  further  conversion  into  lighter 
rolled  products.  The  blooms  were  rolled  into  heavy  structural  shapes, 
Hgfat  billetfi,  etc.;  the  slabs  into  plates;  and  the  lai^  billets  into  a 
number  of  different  products,  such  as  small  billets,  light  structural 
shapes,  heavy  merchant  bars,  wire  rods,  etc.  Only  a  very  small 
tonnage  of  the  Steel  Corporation's  production  of  Uooms,  slabs,  or 
large  billets  in  1910  was  sold  to  outside  customers. 

The  cost  data  obtained  from  the  Steel  Corporation  relative  to  its 
costs  of  blooms,  slabs,  and  large  billets  were  found  to  be  exceedii^ly 
involved  on  account  of  the  technical  difficulty  of  keeping  each  of  them 
distinct.  For  instance,  the  cost  records  as  kept  at  certain  mills  did 
not  distinguish  the  form  of  product,  i.  e.,  whether  blooms,  slabs,  or 
lai^e  billets,  while  at  other  mills  no  complete  distinction  was  made 
as  to  quality  of  steel  (Bessemer  or  open-hearth).  However,  in  the 
latter  case  it  was  possible  from  data  availabib  to  obtain  reliable 
separate  costs  for  the  production  of  the  Bessemer  quality  and  of  the 
open-hearth  quaUty,  although  it  was  not  possible  in  all  cases  to  make 
a  separation  as  to  form  of  product.  ITierefore,  the  average  cost  of 
the  Steel  Corporation's  total  production  of  a  given  form  (blooms, 
slabs,  large  billets)  can  not  be  shown. 

It  is  not  desirable,  of  course,  to  show  the  cost  of  the  Steel  Cor- 
poration's production  of  blooms,  slabs,  and  lai^e  billets  combined, 
on  account  of  differences  in  form  of  product,  nor  is  it  possible  from 
their  records,  as  noted  above,  to  show  separately  the  average  cost  of 
the  Steel  Corporation's  total  production  of  each  form.  It  is  practi- 
cable, however,  to  give  the  average  cost  of  a  substantial  tonnage  of 
Bessemer  blooms,  basic  open-hearth  blooms,  Bessemer  slabs,  baao 
open-hearth  slabs,  laige  Bessemer  billets,  and  lai^e  basic  open-hearth 
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billets.    The  tonnages  for  which  reliable  cost  data  can  be  given  are 
as  follows: 


.-„.. 

'Str 

Total 

OrauUnu. 
1,181,131 
242,720 

i,4»r,mr 

Orotiloiu. 
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1,013,728 
1,1M,985 

4,l)»,0li 

2,mm 

Z,S«I,763 

6,0I>0,S95 

' 

'  Not  including  bloonls  used  in  makliut  r^lg. 

Section  2.  Steel  Corporation's  inte^atios  cost  of  blooms  for  1910. 

A  bloom  is  the  product  resulting  from  the  pasang  of  an  ingot 
through  a  first  train  of  rolls  which  is  called  a  "  blooming  mill."  The 
ingot,  for  example,  is  rolled  down  to  a  long  piece  of  steel,  usuailj 
from  6  to  8  inches  square.  One  end  of  the  is  cut  off  to  remove  the 
p^ing  (L  e.,  the  unevenly  solidified  portion  at  the  top  of  the  ingot 
after  it  is  cast  in  the  mt^d)  while  the  other  end  m  cut  ovity  slightly 
to  make  it  square,  after  which  the  puce  is  cut  to  maike  two  or  more 
blooms.  As  already  noted,  a  bloom  is  a  semifinished  product  for  use 
in  fiffther  rolling. 

The  Steel  Corporation's  production  of  bloos^s  in  1910,  for  which 
combined  cost  data  can  be  given,  as  just  noted,  was  4,096,015  tons. 
Of  ^lis  total,  1,181,131  tons  were  Bessemer  blooms  and  2,914,8^ 
tons  wOTo  basic  open-hearth  bloonB.  Approximately  87  per  cent 
of  the  Bessemer  Uooms  was  produced  in  the  Valley  district,  7  per 
cent  in  the  Wheeling  district,  and  6  per  cent  in  the  Pitteburgh  dis- 
trict, while  of  the  basic  open-hearth  blooms  approximately  59  per 
cent  was  produced  in  the  Pittfibnrgh  district,  22  per  cent  in  tlie 
Valley  district,  13  p<r  cent  in  the  Chicago  district,  taid  6  pra*  cent  in 
the  Eastern  district. 

In  the  table  foUowii^  are  given  the  av«rage  mill  costs  of  Bessemer 
and  of  basic  open-hearth  btlooms,  as  shown  by  the  books  of  the  pro- 
ducing coQ^anies,  together  with  the  intercompany  profits  included 
in  the  items  of  cost  and  the  integration  mill  cost. 
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Tuu  171^-BTEKL  OORPOB ATION'S  1III.L  COST  PER  GB08B  TOK  OP  BESBEICER  BLOOIIB 
AND  BASIC  OPBN-HBABTB  BLOOUB,  AS  SHOWN  BY  PRODUCINO  COMPANIES' 
BOOSB,  AI^ROXDUTE  INTBRCOIIPAKY  PBOnTS  INCLUDES  THEREIN,  AND  IN. 
TEOBATION  HILL  COST,  AB  aa9WS  BY  THE  BKOORDS  OP  TBE  CDBFOBATION. 
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the  profit  imd  loaa  acconntg,  irhlcb  may  be  assumed  at  tl  per  t«n  for  Beosemer  btooms  and  tl.20  per  ton 
)« basic apra^hearth  bloonu.    (Beep.  S71.) 

CoflT  OF  HATEBtAL. — The  Bessenier  blooms  were  rolled  from  Besse- 
mer billet  ingots  and  the  basic  open-hearth  bloooifl  from  basic  open- 
hearth  billet  ingots-  To  produce  the  above  tonnage  of  Bessamer 
blooms  there  were  used  1,292,075  tojis  of  Bessemer  ingots,  and  to 
produce  the  basic  open-hearth  blooms  there  were  used  3,409,726 
tons  of  basic  open-hear  bh  ingots. 

The  average  company  or  book  cost  of  the  Bessemer  ingots,  per  ton 
of  blooms,  was  S17.2I  as  compared  with  an  average  cost  of  {18.26  for 
the  basic  open-hearth  ingots.  These  costs,  as  in  the  case  of  products 
already  discussed,  included  considerable  items  of  intercompany  profit, 
as  shown  in  the  second  column  of  the  table.  These  profits  went  to 
other  subsidiary  companies  which  produced  or  transported  the  mate- 
rials used  and  constituted  the  total  remuneration  per  ton  accruing  to 
such  producing  or  transportation  companies  for  their  products  or 
services.  The  amount  of  this  intercompany  profit  in  the  Bessemer 
ijigots  was  S4.26  per  ton  of  Bessemer  blooms,  and  in  the  basic  open- 
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hearth  ingots  S3.62  per  ton  of  basic  open-hearth  blooms.  These  large 
profits,  it  rnuat  be  remembered,  extended  back  through  ingots  and  pig 
iron  to  the  chief  raw  materials — ore  and  coke — and  also  included  the 
lai^e  transportation  profits  on  ore,  which  have  been  already  discussed. 

The  above  intercompany  profit  in  the  ingots  per  ton  of  blooms 
corresponded  to  a  profit  of  J4.15  per  ton  of  Bessemer  ingots  and  $3.51 
per  ton  of  basic  open-hearth  ingots.  The  ingots  themselves  were 
transferred  to  the  rolling  mills  without  profit  over  works  coat,  but 
the  intercompany  profit  was  increased  as  it  required  more  than  one 
ton  of  ingots  to  produce  a  ton  of  blooma. 

Deducting  the  intercompany  profit  in  the  ingots  of  S4.26  per  ton  of 
Bessemer  blooms  and  S3.62  per  ton  of  basic  open-hearth  blooms  from 
the  respective  company  or  book  costs,  gives  an  integration  cost  of 
ingots  of  $12.95  per  ton  of  Brasemer  blooms  and  $14,64  per  ton  of 
basic  open-hearth  blooms. 

The  cost  of  the  ingots  per  ton  of  product  was  determined  by  the  price 
of  the  ingots  per  ton  and  the  net  cost  of  waste  in  rolling.  Thus,  the 
average  price  of  the  Bessemer  ingots,  on  an  int^ration  basis,  was 
$12.56  per  ton  and  the  net  cost  of  waste  in  rolling  was  $0.39  per  ton, 
making  the  cost  of  ii^ts  per  ton  of  Bessemer  blooms  $12.95.  The 
average  integration  price  of  basic  open-hearth  ingots  was  $13.88  per 
ton  and  the  net  cost  of  waste  in  rolling  was  $0.76  per  ton,  making  a  ' 
cost  of  ingots  per  ton  of  basic  open-hearth  blooms  of  $14.64. 

The  higher  net  cost  of  waste  in  rolling  open-hearth  blooms  was  due 
to  a  higher  cost  of  material  and  a  greater  requirement  of  ingots  per 
ton  of  product.  Thus,  2,620  pounds  of  ingots  were  used  to  produce 
a  ton  of  open-hearth  blooms,  as  against  2,450  pounds  of  ingots  to 
produce  a  ton  of  Bessemer  blooms,  a  gross  loss  of  380  pounds  in  the 
first  instance  and  of  210  pounds  in  the  second,  Deducth^  the 
pounds  of  scrap  recovered  per  ton  of  product,  which  amounted  to  350 
pounds  per  ton  of  basic  open-hearth  blooms  and  189  pounds  per  ton 
of  Bessemer  blooms,  gives  an  actual  or  net  loss  of  30  pounds  per  ton 
of  basic  open-hearth  blooms  as  against  21  pounds  per  ton  of  Bes- 
semer blooms. 

Cost  above  matehial. — The  total  company  or  book  cost  above  , 
material  was  $0.72  per  ton  of  Bessemer  blooms,  as  compared  with  i 
$0.95  per  ton  of  basic  open-hearth  blooms.    The  greater  part  of  this 
difference  was  due  to  differences  in  kind  of  mill,  locality  of  produc- 
tion, operating  efficiency,  etc.    Other  things  being  equal,  it  should 
not  cost  more  to  roll  a  ton  of  open-hearth  blooms  than  of  Bessemer 
blooms.    The  only  intercompany  profit  entering  into  the  company 
cost  was  $0.01  per  ton  of  Bessemer  blooms  and  slightly  less  than 
one-half  cent  per  ton  of  basic  open-hearth  blooms,  chiefly  on  fuel 
for  making  steam.    The  lattor  profit  is  too  small  to  be  shown  in    ■ 
the  table.  ' 
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The  largest  single  item  of  cost  above  material  was  labor.  This 
item  averf^ed  $0.23  per  ton  of  Bessemer  blooms  and  $0.35  per  ton 
of  basic  open-hearth  blooms.  The  labor  cost,  as  shown  by  the  cost 
statement  and  as  repeatedly  noted  for  other  products,  embraced  aU 
forma  of  producing  labor;  that  is,  charging,  heating,  rolling,  shear- 
ing, etc.,  and  labor  in  repairs  and  maintenance.  There  was  in  addi- 
tion, however,  considerable  labor  expense  in  other  items  of  cost  not 
classi&ed  as  such  by  the  Steel  Corporation.  Moreover,  the  cost  of 
material,  of  course,  involved  a  lai^e  amount  of  labor  in  preceding 
stages  of  production. 

The  cost  of  fuel  for  heating  was  $0.08  per  ton  of  Bessemer  blooma 
and  $0.14  per  ton  of  basic  open-hearth  blooms,  while  the  integration 
cost  of  steam  was  $0.19  per  ton  of  Bessemer  blooms  as  against  $0.17 
per  ton  for  basic  open-hearth  blooms. 

For  both  Bessemer  and  open-hearth,  blooms  the  average  coat  of 
rolls  was  $0.02  p^  ton.  For  Bessemer  blooms  the  average  cost  of 
matmals  in  repairs  and  maintenance  was  $0.07  per  ton,  and  of  sup- 
plies and  expense  $0.12  per  ton.  The  costs  of  these  two  items  for 
basic  open-hearth  blooms  wcfe  $0.12  and  $0.15,  respectively. 

Mill  cost. — ^The  average  company  or  book  mill  cost  of  this  part 
of  the  Steel  Corporation's  production  of  Bessemer  blooma  was  $17.93 
per  ton,  and  of  basic  open-hearth  blooms  $19.21  per  ton.  The  qotot 
pany  cost  for  Bessemer  blooms,  however,  included  an  intercompany 
profit  of  $4.27  per  ton,  and  the  above  company  cost  for  basic  open- 
hearth  blooms  included  an  intercompany  profit  of  $3.62  per  ton. 
Therefore,  on  an  integrated  basis,  i.  e.,  excluding  any  return  on 
anterior  stages  of  production,  transportation,  and  manufacture,  with 
rospect  to  the  materials  used,  the  mill  cost  of  the  Bessemer  blooma 
was  reduced  to  $13.66  per  ton,  and  of  the  basic  open-hearth  blooms 
to  $15.59  per  ton. 

These  int^;ration  mill  costs  do  not  take  any  account  of  the  addi- 
tional costs  of  genera]  expense  and  depreciation  which  appear  in 
the  profit  and  loss  accounts  of  the  producing  companies  and  which 
are  not  allocated  to  particular  products.  These  additional  costa 
were  not  apportioned  by  the  Bureau  for  1910,  as  already  stated,  but 
an  assumed  normal  additional  cost  of  $1  per  ton  of  Bessemer  blooms 
and  $1.20  per  ton  of  basic  open-hearth  blooms  may  be  used.  (See 
p.  374.)  Tiie  addition  of  these  assumed  normal  additional  costs  gives 
a  total  integration  cost  of  Bessemer  blooms  of  $14.66  per  ton,  and 
of  basic  open-hearth  blooms  of  $16.79  per  ton. 

It  should  be  noted  that  of  the  blooms  for  which  costs  are  here 
shown,  only  a  small  portion  was  produced  for  sale.  They  were 
generally  used  for  rerolling  while  hot,  and  hence  involved  little  or  no 
expense  for  handling,  inspecting,  shipping,  etc.  It  was  stated  that 
these  expenses  might  amount  to  $0.75  per  ton  of  product  shipped. 
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SeotioB  3.  Steel  Cwpm«tioii'a  integrratim  cost  of  ilabs  for  1910. 

A  slab  differs  from  a  bloom  in  that  it  is  flattened  instead  of  being 
nearly  square  in  cross  section.  It  is  the  product  of  a  fint  train  of 
rolls  or  mill,  whidi  is  known  as  a  slabbing  mill.  As  already  noted, 
slabs  are  a  semifinished  product  from  which  plates  are  rolled. 

The  Steel  Corporation's  production  of  slabs  in  1910,  for  which 
accurate  combined  cost  figures  can  be  given,  was  1,256,446  tons.  Of 
this  total  242,720  tons  were  Bessemer  alabs  and  1,013,726  tons  were 
basic  open-hearth"  slabs. 

In  the  following  table  are  given  the  Steel  Corporation's  averago 
mill  costs  of  producing  Bessemer  slabs  and  basic  open-hearth  slabs, 
as  shown  by  the  books  of  the  producing  companies,  together  with  the 
intercompany  profit  included  in  the  items  of  cost  and  the  integration 
mill  costs. 

Tabu  m.-^TI[BL  CORFOOATIOIIPS  IBLL  COST  PIS  OHOSS  TON  OP  BESSEimt  BI.ASB 
AND  BASIC  OPEN-HEARTH  BLABS,  AS  SHOWN  BY  PBODUCINa  COttPAKIBS'  BOOKS, 
APPROXIMATE  INTERCOMPANY  PROPITS  INCLUDED  THEBSIM,  AND  nTTEaRA- 
rias  MILL  COST,  AS  SHOWN  BY  THE  RECOUDS  OF  THE  COBPOSATIOM,  rOR  19KL 
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The  entire  toanage  of  Bessamer  slabs,  as  shown  above,  was  pro- 
duced in  th.e  Pittsburgh  district;  of  the  basic  opea-hearth  slabs,  76 
per  cent  was  produced  in  the  Pittsburgh  district,  and  24  per  cent  in 
tiie  ChicAgo  district. 

Cost  op  matebiai,.— The  material  for  the  production  of  Bessemer 
slabs  and  basic  open-hearth  slabs  was  Bessemer  billet  ingots  and 
basic  open-hearth  billet  ingots,  respectively.  To  produce  the  above 
tonnage  of  Bessemer  slabs,  namely,  242,720  tons,  there  were  used 
276,784  tons  of  Bessemer  ingots,  and  to  produce  the  basic  open-hearth 
slabs,  namely,  1,013,726  tons,  there  were  used  1,207,079  tons  of  basic 
open-hearth  ingots. 

The  averse  company  or  book  cost  of  the  Bessemer  ingots,  per 
ton  of  Bessemer  slabs,  was  $16.86,  and  of  the  basic  open-hearth 
ingots,  per  ton  of  basic  open-hearth  slabs,  tl8.45.  These  company 
or  book  costs  included  considerable  items  of  intercompany  profit,  as 
shown  in  the  second  colimm  of  the  table,  going  to  other  subsidiary 
companies  which  produced  or  transported  the  material  used,  these 
profits  constituting  the  total  remuneration  per  ton  accruing  to  such 
producing  or  transportation  companies  for  their  products  or  services. 
The  amount  of  this  intercompany  profit  in  the  Bessemer  ingots  was 
t4,65  per  ton  of  Besswner  slabs,  and  in  the  basic  open-hearth  ingots 
$3,68  per  ton  of  basic  open-hearth  slabs.  While  these  intercompany 
profits  seem  very  large,  it  must  be  remembered  that  they  go  back 
through  the  ingots  and  pig  iron  to  the  chief  raw  materials,  ore  and 
coke,  and  also  include  the  lai^e  transportation  profits  on  ore,  which 
have  already  been  discussed.  The  ingots  themselves  were  transferred 
to  the  rolling  mills  without  profit  over  works  cost. 

Deducting  the  intercompany  profit  in  the  ingots  of  $4.65  per  ton 
of  Bessemer  slabs,  and  J3.68  per  ton  of  basic  open-hearth  slabs  from 
the  respective  company  or  book  costs,  gives  an  integration  cost  of 
ingots  of  $12.21  per  ton  of  Bessemer  stabs  and  $14.77  per  ton  of 
basic  open-hearth  slabs. 

The  cost  of  the  ingots  per  ton  of  product  was  determined  by  the  price 
of  the  ingots  per  ton  and  the  net  cost  of  waste  in  rolling.  The 
average  price  of  the  Beasenrer  ingots  used  for  Bessemer  slabs,  on  an 
int^ration  basis,  was  $11.81  per  ton,  and  the  net  cost  of  waste  in 
rolling  was  $0.40  per  ton;  the  averse  price  of  the  basic  open-hearth 
ingots  rolled  into  basic  open-hearth  slabs  was  $14.02  per  ton  and 
the  net  cost  of  waste  in  rolling  was  $0.75  per  ton.  The  net  cost  of 
Waste  was  considerably  higher  in  rolling  open-hearth  slabs  than  in 
ToUing  Bessemer  slabs.  This  was  due  to  the  higher  price  of  the 
open-hearth  ingots  and  also  to  the  larger  requirement  of  ingots  per 
ton  of  product.  Thus,  2,667  pounds  of  ingots  were  used  per  ton  of 
open-hearth  slabs  as  against  2,554  pounds  per  ton  of  Bessemer  slabs, 
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a  gross  waste  of  427  pounds  and  314  pounds,  respectirely.  Deduct- 
ing the  scrap  recovered,  namely,  401  pounds  per  ton  of  open-hearth 
slabs  and  300  pounds  per  ton  of  Bessemer  slabs,  gives  an  actual  loss 
in  weight  of  26  pounds  per  ton  of  open-hearth  slabs  as  compared  with 
a  loss  of  only  14  pounds  per  ton  of  Bessemer  sldbs. 

Cost  above  material. — The  total  cost  above  material  for  pro- 
ducing Bessemer  slabs  was  S0.92  per  ton,  and  for  producii^  basic 
open-hearth  slabs,  $1.09  per  ton.  This  latter  figure,  however, 
included  a  small  amount  of  intercompany  profit,  avera^ng  $0.01  per 
ton  of  open-hearth  slabs,  arising  from  transfer  profits  on  fuel  used 
for  making  steam.  Deducting  this  gives  an  integration  cost  above 
material  of  $1.08  per  ton.  l 

The  average  cost  of  labor,  the  most  important  single  item  of  cost  I 
above  material,  was  $0.37  per  ton  of  Bessemer  slabs,  as  against 
$0.39  per  ton  of  basic  open-hearth  slabs.  This  item,  as  repeatedly 
noted,  embraced  all  forms  of  producing  labor  and  labor  in  repairs  and 
maintenance.  There  was  in  addition,  however,  considerable  labor  ex- 
pense in  other  items  of  cost  not  classified  as  such  by  the  Steel  Cor- 
poration. Moreover,  the  cost  of  material,  of  course,  involved  a  lai^e 
amount  of  labor  in  preceding  stages  of  production. 

The  average  cost  of  fuel  for  heating  was  $0.07  per  ton  of  Bessemer 
slabs,  and  $0.10  per  ton  of  basic  open-hearth  slabs.  The  average 
cost  of  steam  was  $0.15  per  ton  of  Bessemer  slabs,  as  against  $0.27 
per  ton  of  basic  open-hearth  slabs. 

For  the  production  of  Bessemer  slabs  the  average  costs  of  rolls, 
materials  in  repairs  and  maintenance,  and  supplies  and  expense 
were,  respectively,  $0.04,  $0.12,  and  $0.17  per  ton,  as  compared  with 
$0.03,  $0.17,  and  $0.13  per  ton  of  open-hearth  slabs. 

Mill  cost. — The  average  company  or  book  mill  cost  of  this  part 
of  the  Steel  Corporation's  production  of  Bessemer  slabs  was  $17.78 
per  ton  and  of  basic  open-hearth  slabs  $19.54  per  ton.  These  com- 
pany or  book  coals  included  intercompany  profit  items  of  $4.65  per 
ton  and  $3.69  per  ton,  respectivety.  Therefore,  on  an  integration 
basis,  i.  e.,  excludinj^  any  return  to  anterior  stages  of  production, 
transportation,  and  manufacture,  with  respect  to  the  materials  used, 
the  above  company  cost  of  Bessemer  slabs  was  reduced  from  $17.78  j 
per  ton  to  $13.13,  and  the  cost  of  basic  open-hearth  slabs  from  $19.54  ] 
per  ton  to  $15.85. 

These  integration  mill  costs  do  not  take  any  account  of  the  addi- 
tional costs  of  general  expense  and  depreciation,  which  appear  in  the 
profit  and  loss  accounts  of  the  producing  companies  and  which  are 
not  allocated  to  particular  products.  The  amount  of  these  additional 
costs  was  not  apportioned  by  the  Bureau  for  1910  for  the  reasons 
set  forth  on  page  373,  but  an  assumed  normal  additional  coat  of  $1 
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per  ton  of  Bessemer  slabs  and  $1.20  per  ton  of  basic  open-beartb 
slabs  may  be  used.  Adding  these  assumed  additional  coBia  to  the 
foregoing  int^ration  mill  costs  gives  a  total  integrated  coat  of  Bea- 
se  Tier  slabs  of  $14.13  per  ton,  and  of  basic  open-hearth  slabs  of  f  17.05 
por  ton. 

Most  of  these  slabs  were  produced  for  rerolling.  In  respect  to  the 
cost  of  these  slabs,  therefore,  the  same  comments  apply  regarding 
additional  expense  for  slabs  produced  for  sale,  as  were  made  for 
blooms.     (See  p.  445.) 

Section  4.  Stee!  Corporation's  integration  cost  of  large  billets  for  1910. 

The  typical  section  of  a  large  billet  is  4  by  4  inches,  although 
large  biUeta  often  bare  a  cross  section  of  more  than  16  square  inches. 
Anything  under  a  cross  section  of  16  square  inches,  however,  is 
classified  as  a  small  billet.  Mention  has  already  been  made  of  the 
methcfd  of  rolling  large  biUeta.     (See  p.  179.) 

The  Steel  Corporation's  production  of  large  billets  for  1910,  for 
which  a  combined  cost  can  be  shown,  was  1,426,917  tons  of  large 
Bessemer  billets  and  1,131,985  tons  of  large  basic  open-hearth  billets. 
As  already  noted,  a  part  of  the  production  of  both  large  Bessemer 
billets  and  large  basic  open-hearth  billets,  as  shown  by  the  cost  rec- 
ords, was  rolled  from  ingots  and  a  part  from  blooms.  It  was  pos- 
sible, however,  for  a  large  part  of  such  data  to  compute  the  cost  of 
rolling  large  billets  from  ingots.  Where  separate  costs  of  blooms 
(rolled  from  ingots)  were  shown,  and  where  the  entire  quantity  of 
blooms  produced  was  rolled  into  large  billets  and  this  cost  shown 
separately,  all  that  was  necessary  to  put  the  costs  on  an  ingot  basis 
was  to  combine  the  two  cost  statements,  eliminating  the  cost  of  mate- 
rial (blooms)  in  the  second  stage  of  rolling,  as  otherwise  there  would 
be  a  duplication  of  the  cost  of  material.  In  some  cases,  however, 
not  all  of  the  blooms  produced  at  a  given  plant  were  made  into  laige 
billets.  In  such  cases  only  the  cost  for  that  quantity  of  the  entire 
tonnage  of  blooms  actually  used  for  making  large  billets  was  com- 
bined with  the  second  cost  statement  (rolling  blooms  into  large 
billets).  It  should  be  noted  that  the  Bureau  did  not  attempt  in  all 
cases  to  put  costs  of  large  billets  on  an  ingot  basis,  as  it  was  not 
practicable  to  do  so.  This  part  of  the  production  of  large  billets 
was  not  included  in  the  following  statement. 

In  the  table  following  are  shown  the  average  mill  costs  of  the 
above  total  tonnages  of  large  Bessemer  and  of  laige  basic  open-hearth 
billets  rolled  from  ingots,  together  with  the  intercompany  profit 
included  in  the  items  of  cost  and  the  integration  inill  cost. 
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Tiaui  ITB.^eTBEI.  CORPORATION'S  UILL  COST  PER  GROSS  TON  OF  LARGE  BESBSHER 
BILLETS  AND  LARGE  BASIC  OPEN-HEARTH  BILLETS,  AS  SHOWN  BY  PRODUCING 
COMPANIES'  B00K8,APPR0XDfATE  INTERCOMPANY  PROFITS  ISCLUDED  THERE- 
IN, AND  INTEGRATION  MILL  COST,  AS  SHOWN  BY  THE  RECORDS  OF  THE  CORPORA- 
TION. FOB  mo. 
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tbe  profit  and  kea  Bccoimta,  which  may  be  atanined  at  tl.lO  p«  Ion  for  large  Btesemet  billets  and  IliD 
per  ton  br  large  bsaLc  open-hearth  billets.    (Seep.  374.) 

Of  the  total  of  1,426,917  tons  of  large  BesBemer  billets  here  con- 
sidered, approximately  31  per  cent  web  produced  in  the  Chicago 
district,  27  per  cent  in  the  Lake  Erie  district,  24  per  cent  in  the 
Valley  district,  and  18  per  cent  in  the  Pittsburgh  district.  Of  the 
above  production  of  large  basic  open-hoarth  billets  (1,131,985  tons], 
approximately  43  per  cent  was  produced  in  the  Chicago  district, 
28  per  cent  in  the  Pittsburgh  district,  11  per  cent  in  the  Valley 
district,  11  per  cent  in  the  Lake  Erie  district,  and  7  per  cent  in  the 
Southern  district. 

Cost  op  matbhial. — The  material  for  producing  lai^  Bessemer 
billets  and  large  basic  open-hearth  billets  was  Bessemer  billet  ingots 
and  basic  open-hearth  billet  ingots,  respectively.  To  produce  the 
large  Bessemer  billets  there  were  used  1,615,631  tons  of  Bessemer 
billet  ingots,  and  to  produce  the  large  basic  open-hearth  billeta 
1,365,017  tons  of  basic  open-hearth  billet  ingots. 
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The  average  company  or  book  cost  of  tbe  Bessemer  billet  ingots 
was  $16.84  per  ton  of  large  Bessemer  billets,  as  against  a  cost  of 
basic  open-hearth  billet  ingots  of  S17.81  per  ton  of  large  basic  open- 
hearth  billets.  These  company  or  hook  costs  included,  as  for  other 
rolled  products,  a  considerable  amount  of  intercompany  profit,  as 
shown  by  the  second  column  of  the  table,  going  to  other  subsidiary 
compaoies  which  produced  or  transported  the  material  used.  The 
amount  of  intercompany  profit  in  the  Bessemer  ingots  was  S4.61  per 
ton  of  lai^e  Bessemer  billets  as  compared  with  a  proiit  in  the  open- 
hearth  ingots  of  $3.38  per  ton  of  large  basic  open-hearth  billets. 
While  these  are  large  amounts,  it  should  be  remembered  that  they 
went  back  through  the  ingots  and  pig  iron  to  the  chief  raw  materials, 
ore  and  coke,  and  also  included  lai^e  transportation  profits  on  ore. 
The  ingots  themselves  did  not  include  any  transfer  profit  over  works 
cost,  but  the  profit  per  ton  of  product  was  increased  because  it 
requires  more  than  1  ton  of  ingots  to  produce  a  ton  of  lai^e  billets. 

Deducting  the  intercompany  profit  in  the  ingots  of  J4.61  per  ton  of 
lai^e  Bessemer  billets  and  of  $3.38  per  ton  of  large  basic  open-hearth 
billets  from  the  respective  company  or  book  costs  gives  an  int^ra- 
tion  cost  for  ingots  of  $12.23  per  ton  of  large  Bessemer  billets  as 
against  a  cost  of  $14.43  per  ton  of  large  basic  open-hearth  billets, 

Aa  repeatedly  stated,  the  cost  of  ingots  per  ton  of  product  was  de- 
termined by  the  price  of  the  ingots  per  ton  and  the  net  cost  of  waste 
in  rolling.  Thus,  the  average  price  of  the  Bessemer  ingots,  on  an 
integration  basis,  was  $11.80  per  ton,  and  the  net  cost  of  waste  in 
rolling,  $0.43  per  ton,  making  a  cost  of  ingots  per  ton  of  large  Besse- 
mer billets  of  $12.23.  Theaverage  price  of  the  open-hearth  ingote, 
on  the  same  basis,  was  $13.49  per  ton,  and  the  net  coat  of  waste  in 
rolling  was  $0.94  per  ton,  giving  a  cost  of  ingots  per  ton  of  large  basic 
open-hearth  billets  of  $14.43.  The  high  net  cost  of  waste  in  rolling 
open-hearth  billets,  as  compared  with  Bessemer  billets,  was  due 
again  to  the  higher  cost  of  ingots  and  a  considerably  larger  quan- 
tity uaed  per  ton  of  product.  Thus,  2,701  pounds  of  basic  open- 
hearth  ingots  were  used  to  produce  a  ton  of  large  basic  open-hearth 
billets  OS  compared  with  2,536  pounds  of  Bessemer  ingots  per  ton  of 
lai^  Bessemer  billete,  a  gross  loss  of  461  pounds  and  of  296  pounds, 
respectively.  The  scrap  recovered,  however,  was  greater  per  ton  of 
open-hearth  billets  than  per  ton  of  Bessemer  billets,  432  pounds  as 
ftgainst  276  pounds  per  ton  of  product.  This  indicates  a  net  loss  of 
29  pounds  per  ton  of  large  basic  open-hearth  billets  as  agunst  20 
pounds  per  ton  of  lai^  Bessemer  billets. 

It  is  interesting  at  this  point  to  note  and  compare  the  average  price 
of  Bessemer  billet  ingots  used  in  rolling  blooms,  slabs,  and  lai^e  billets 
with  the  cost  of  producing  them.     The  avOTage  price  at  which  the 
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Steel  Corporation  used  its  Bessemer  billet  ingotfi  in  die  manufactuTe 
of  Bessemer  blooms,  Bessemer  alsbs,  &Qd  large  Bessemer  billets,  on  an 
integration  basis,  was  S12.19  per  ton,  while  the  Steel  Corporation's 
jnt^;ration  works  cost  of  producing  them,  as  shown  by  Table  165, 
page  421,wa8.$12.18  per  ton,  a  difference  of  only  $0,01  per  ton.  While 
the  open-hearth  ingots  were  used  at  mill  cost  the  average  price  can 
not  be  compared  with  the  Steel  Corporation's  int^ation  mill  cost 
of  basic  open-hearth  ingots,  as  shown  by  Table  170,  page  430,  for  the 
reason  that  a  part  of  the  basic  open-hearth  ingot  production  was 
used  in  the  manufacture  of  open-hearth  rails. 

Cost  above  material. — The  total  company  or  book  cost  above 
material  for  producing  lai^  Bessemer  billete  was  $1.13  per  ton,  and 
for  producing  large  basic  open-heulli  billets  $1.56  per  ton.  Both  of 
these  totab  included  small  amounts  of  intercompany  profit,  chiefly 
transfer  profits  on  fuel  used  for  heating  and  steam  and  on  materials 
used  in  repairs  and  maintenance.  The  amount  of  this  intOTcompany 
profit  in  the  cost  above  material  was  $0.01  per  ton  of  large  Bessemer 
billets  and  $0.03  per  ton  of  large  basic  open-he&rtb  billets.  Deduct- 
ing these  gives  an  integrated  cost  above  material  of  $1.12  per  ton  of 
large  Bessemer  billets  and  $1.53  per  ton  of  lai^  basic  open-hearth 
billets. 

The  averse  cost  of  labor  was  $0.40  per  ton  of  large  Bessemer 
billets  and  $0.59  per  ton  of  large  basic  open-hearth  billets.  These 
labor  coats  embraced  all  forms  of  producing  labor  such  as  chai^g, 
heating,  rolling,  and  shearing,  as  well  as  labor  in  repairs  and  main- 
tenance, but  there  was  in  addition  considerable  labor  expense  in  other 
items  of  cost  not  classified  as  such  by  the  Steel  Corporation.  More- 
over, the  cost  of  material,  of  course,  involved  a  large  amount  of  labor 
in  preceding  stages  of  production. 

The  average  cost  of  fuel  for  beating  was  $0.11  per  ton  of  large 
Bessemer  billets,  as  against  $0.21  per  ton  of  lai^e  basic  open-hearth 
billets.  This  latter  figure,  however,  included  an  intercompany 
transfer  profit  of  $0.01  per  ton. 

The  company  or  book  cost  of  steam  was  $0.30  per  ton  of  large 
Bessemer  billets  and  $0.25  per  ton  of  large  basic  open-hearth  billets. 
An  intercompany  profit  of  $0.01  per  ton  was  included  in  both  cost 
figures,  which  gives  a  net  cost  of  steam  of  $0.29  and  $0.24  per  ton, 
respectively. 

For  the  production  of  lai^e  Bessemer  billets  the  average  cost  of 
rolls  was  $0.03  per  ton;  of  materials  in  repairs  and  maintenance, 
$0.11;  and  of  suppUes  and  expense,  $0.18,  while  for  rolling  basic 
open-hearth  billets  these  items  were  $0.04,  $0.16,  and  $0.30  per  ton, 
respectively. 

Mill  cost. — ^The  average  company  or  book  mill  cost  for  this  partof 
the  Steel  Corporation's  production  of  large  Bessemer  billets  wb 
$17.97  per  ton  and  for  this  part  of  its  large  basic  open-hearth  billet 
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production,  S19.37  per  ton.  The  above  company  or  book  cost  of 
large  Bessemer  billets  included  an  intercompany  profit  of  S4.62  per 
ton,  while  the  above  company  or  book  cost  of  basic  open-hearth 
biiJeta  included  an  intercompany  profit  of  13.41  per  ton.  Deducting 
these  intercompany  profit  items  gives  an  integration  mill  cost  for 
lai^  Bessemer  billets  of  $13.35  per  ton  and  an  integration  mill  cost 
for  large  basic  open-hearth  billets  of  $15.93  per  ton.  These  net  costs, 
it  will  be  remembered,  excluded  any  return  to  anterior  stages  of  pro- 
duction, transportation,  and  manufacture  with  respect  to  the  mate- 
rials used  in  rbUing  these  large  billets. 

Moreover,  these  integration  mill  costs  do  not  take  any  account  of 
the  additional  costs  of  general  expense  and  depreciation,  which 
appear  in  tbe  profit  and  loss  accounts  of  the  producing  companies 
and  which  are  not  allocated  to  particular  products.  These  addi- 
tional costs  were  not  apportioned  i^  the  Bureau  for  the  year  1910, 
as  already  stated  (see  p.  373),  but  an  assumed  normal  additional  coat 
of  $1.10  per  ton  of  lai^e  Bessemer  billets  and  $1.30  per  ton  of  large 
basic  open-hearth  billets  may  be  used.  Adding  these  to  the  integra- 
tion mill  costs,  respectively,  gives  a  total  cost,  on  an  integration 
ba^is,  of  $14.45  per  ton  of  large  Bessemer  billets  and  $17.26  per  ton 
of  large  basic  open-hearth  billets. 

By  far  the  greater  proportion  of  the  Steel  Corporation's  output 
of  lai^e  billets  was  produced  as  an  intermediate  product  tor  fur- 
ther rolling.  In  the  case  of  billets  produced  at  plants  having  rod 
and  merchant  mills  they  were  passed  while  hot  from  the  shears  to 
reheating  furnaces  on  a  conveyor,  involving  in  such  cases  very  little 
extra  handling  expense.  Whenever  billets  were  produced  for  sale 
there  was  a  considerable  expense  for  inspecting  and  shipping  that 
did  not  necessarily  attach  to  products  to  be  used  for  further  elabora- 
tion. In  addition  to  the  above-named  items  of  expense,  where  the 
preduct  was  for  sale  to  outside  customers,  there  was  also  the  addi- 
tional cost  of  cropping  to  exact  specifications.  Therefore  the  mill 
costs  as  here  shown  are  not  as  hi^h  as  they  would  have  been  if  the 
entire  tonnf^  had  been  produced  for  disposal  to  outside  customers. 

Section  6.  Steel  Corporation's  integration  cost  of  small  billets  tor  1910. 

Small  billets,  ae  distinguished  from  large  billets,  are  those  which 
are  less  than  4  by  4  inches  square.  As  already  noted,  they  are  used 
principally  for  further  elaboration  into  such  products  as  light  bands, 
hoops,  and  cotton  ties.  Mention  has  also  been  made  of  the  ordinary 
sizes  and  methods  of  rolling  small  billets.     (See  p.  192.) 

The  Steel  Corporation's  production  of  small  billets  in  1910  was 
1,064,863  tons.  Of  its  total  production  approximately  43  per  cent, 
or  462,051  tons,  were  made  from  Bessemer  steel  and  57  par  cent,  or 
602,812  tons,  from  basic  open-hearth  steel. 
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Shall  Bessemer  billets. — The  cost  records  as  kept  by  the  differ- 
ent plante  produciag  these  small  Bessemer  billets  were  found  not  to 
be  on  a  comparable  basis.  For  instance,  at  one  mill  small  Bessemer 
billets  were  rolled  directly  from  ingots,  while  at  other  mills  they  were 
rolled  from  blooms  and  at  still  other  mills  large  billets  were  rolled 
down  to  small  billets.  It  is  evident,  therefore,  that  since  the  raw 
material  diffcTed  with  the  different  stages  of  rollii^,  which  would 
necessarily  affect  both  the  cost  of  material  and  the  cost  above  mate- 
rial, a  statement  giving  the  cost  in  detail  of  the  total  production  of 
small  Bessemer  billets  would  not  be  at  all  representative.  Therefore, 
in  the  following  table,  there  are  shown  separately  the  costs  of  rolling 
small  Bessemer  billets  from  (1)  Bessemer  billet  ingots,  (2)  Bessemer 
blooms,  and  (3)  large  Bessemer  billets,  as  shown  by  the  books  of 
the  producing  companies  together  with  the  intercompany  profits 
included  in  the  items  of  cost  and  the  integration  mill  cost. 

Tabli  177.— steel  CORPORATION'S  MILL  COST  PER  OROSS  TON  OF  8MA.LL  BE3HK1IEB 
BrLLETB,  AS  SHOWK  BY  PRODtJCING  COMPANIES'  BOOKS,  APPROXIMATE  INTER- 
COMPANY PROFITS  INCLUDED  THEREIN,  AND  INTEGRATION  MILL  COST,  AS  SHO^.VN 
BY  THE  KECOHDB  OF  THE  CORPORATION,  FOR  1910. 
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Of  the  Steel  Corporation's  total  production  of  small  Bessemer 
billets  in  1910,  115,512  tona  were  rolled  directly  from  ingots,  110,743 
tons  from  blooms,  and  235,796  tons  from  laige  billets.  Practically 
one-half  of  the  total  production  was  produced  at  a  single  continuous 
small-billet  mill  in  the  Valley  district.  The  average  output  of  the 
remaining  mi  Ha  was  comparatively  small. 

Cost  of  material. — ^The  material  for  the  production  of  small  Be^emer 
billets,  as  noted  above,  was  Bessemer  billet  ii^ota,  Bessemer  blooms, 
and  laige  Bessemer  billets.  To  produce  the  above  tonnages  of  small 
Bessemer  billets  there  were  used  129,836  tons  of  Bessemer  billet 
ii^ots,  115,858  Ions  of  Bessemer  blooms,  and  245,092  tons  of  large  - 
Bessemer  billets. 

The  averf^e  company  or  book  cost  of  the  Bessemer  billet  ingota 
was  $16.67  per  ton,  of  the  Bessemer  blooms  $17.40,  and  of  the  laige 
Bessemer  billets  $17.49. 

These  respective  company  or  book  costs  of  material  included, 
however,  as  shown  by  the  second  column  of  the  table,  lai^e  items  of 
intercompany  profit  going  to  other  subsidiary  companies  of  the  Steel 
Corporation  which  produced  or  transported  the  material  used.  The 
amount  of  this  profit  goes  back,  of  course,  through  the  lai^e  billets, 
blooms,  ingots,  and  pig  iron,  on  which  there  were  no  transfer  profits, 
to  the  ore  and  coke  and  includes  also  the  transportation  profits  on 
ore.  The  average  intercompany  profit  in  the  Bossemer  billet  ingots 
used  was  $4.58  per  ton  of  small  Bessemer  billots;  in  the  Bessemer 
blooms  used,  $4.12  per  ton  of  small  Bessemer  billets;  and  in  the 
lai^e  Bessemer  billets  used,  $3.99  per  ton  of  small  Bessemer  billets. 

Deducting  the  intercompany  profits  from  the  respective  company 
or  book  costs  of  material  gives  an  int^ration  cost  of  Bessemer  billet 
ingots  per  ton  of  product  of  $12.09,  of  Bessemer  blooms  $13.28,  and  of 
large  Bessemer  billets  $13.50. 

These  intc^ation  costs  of  material  per  ton  of  small  Bessemer  billets 
were  determined  by  the  prices  per  ton  of  the  ingots,  blooms,  or  large 
billets  and  the  net  cost  of  waste  in  rolling  them.  Thus,  the  average 
integration  price  of  the  Bessemer  ingots  used  was  $11.68  per  ton;  of 
the  Bessemer  blooms  used,  $13.05  per  ton;  and  of  the  large  billets 
used,  $13.32  per  ton.  The  net  cost  of  waste  in  rolling  small  Bessemer 
billets  from  ingots  was  $0.41  per  ton;  from  blooms,  $0.23  per  ton; 
and  from  laige  billets,  $0.18  per  ton.  This  item,  of  course,  would  be 
considerably  laiger  on  small  billets  rolled  from  ingots  than  on  those 
roUed  from  blooms.  Likewise  the  net  cost  of  waste  on  small  billets 
rolled  from  blooms  would  be  laiger  than  on  those  rolled  from  large 
billets,  as  the  croppings  with  each  successive  stage  of  rolUng  are  less. 

To  produce  a  ton  of  small  Bessemer  billets  required  2,518  pounds  of 
ingots,  2,343  pounds  of  blooms,  or  2,328  pounds  of  latge  billets. 
There  were  recovered  from  the  ingots  rolled  262  pounds  of  scrap  per 
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tou  of  Bmall  billets,  from  the  blooms  rolled  93  pounds,  and  from  the  I 
lai^e  billets  rolled  78  pounds.  The  actual  loss  in  weight,  after  set-l 
tii^  the  quantities  recovered  gainst  the  gross  losses,  therefore,  waai 
16  pounds  per  ton  of  product  from  ingots  and  10  pounds  per  ton  ofi 
product  from  both  blooms  and  large  biUets. 

Cost  above  maieTial. — The  company  or  book  cost  above  material  on' 
the  part  of  the  production  rolled  from  ingots  was  $1.56  per  ton,  from 
blooma  S1.06  per  ton,  and  from  large  billets  onlj  S0.54  per  toa.  As 
a  less  extensive  reduction  in  size  is  required  in  rollii^  small  billets 
from  blooms  than  from  ingots,  or  in  rolling  small  billets  from  lai^e 
.  billets  than  from,  blooms,  these  differences  correspond  to  norma] 
differences  in  cost. 

Included  in  the  average  company  or  book  cost  above  material  of 
91.56  per  ton  on  the  part  of  the  production  rolled  from  ingots  there 
Was  an  intercompany  profit  of  $0.06  per  ton,  principally  on  fuel  for  the 
production  of  steam  and  for  heating  and  in  materials  used  in  repairs 
and  maintenance.  Deducting  this  intercompany  profit  gives  an 
integration  cost  above  material  of  $1.50  per  ton  in  rolling  small  : 
billets  from  ingots.  The  intercompany  profit  in  the  company  or  , 
book  cost  above  material  on  the  part  of  the  production  rolled  from 
blooms  and  on  that  rolled  from  lai^e  billets  was  v^y  small,  namely, 
$0.01  per  ton  in  each  case. 

The  average  cost  of  labor  in  rolhng  small  Bessemer  billets  from 
ingots  was  $0.61  per  ton;  from  blooms,  $0.46  per  ton;  and  from  latge  ; 
billets  only  $0.19  per  ton.    This,  it  should  be  remembered,  embraced  j 
only  charges  for  labor  which  were  so  classified  under  the  accounting  ; 
system  of  the  Steel  Corporation,  and  included  all  forms  cf  producing  , 
labor  and  labor  in  repairs  and  maintenance.    There  was  in  addition 
considerable  labor  in  other  items  of  cost.     Moreover,  the  cost  of 
material,  of  course,  involved  a  lai^e  amount  of  labor  in  preceding  I 
stages  of  production. 

For  the  production  of  small  Bessemer  billets  the  integration  cost  of 
fuel  was  $0.12  per  ton  on  the  part  of  production  rolled  directly  from 
ingots  and  $0.02  per  ton  on  the  part  rolled  from  blooms.  The  fuel 
cost  for  heating  lai^e  billete  was  too  small  to  be  shown. 

The  cost  of  steam  was  considerably  more  in  rolling  from  ingots 
than  in  rolling  from  blooms  or  large  billets.  This  item  of  cost,  on  an 
integrated  basis,  was  $0.36  per  ton  from  ingots,  30.31  per  ton  from 
blooms,  and  $0.17  per  ton  from  large  billets.  Likewise,  the  other 
items  of  cost  above  material  were  substantially  lai^er  in  rolling  from 
ingots  than  in  rolling  from  blooms  or  large  bUlets. 

MiU  coat.- — The  company  or  book  mill  cost  of  the  Steel  Corpora- 
tion's 1910  production  of  small  Bessemer  billets  rolled  from  ingots 
.was  $18.23  per  ton;  for  the  small  B^semer  billets  rolled  from  blooms, 
$18.46  per  ton;  and  for  those  rolled  from  lai^e  billets,  $18.03  per  ton. 
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The  average  company  or  book  mill  cost  of  the  Steel  Corporation's  total 
production  of  smikll  Bessemer  billets  was  $1S.18  per  ton.  These  com- 
pany or  book  costs  included  large  items  of  intercompany  profit,  as 
already  explained  (see  p.  374),  amounting  to  $4.64  per  ton  on  the  small 
Bessemer  billets  rolled  from  ingots,  $4.13  per  ton  on  those  rolled  from 
blooms,  and  $4  per  ton  on  those  rolled  from  large  billets. 

The  company  or  book  mill  costs,  intercompany  profits,  and  int^Sr- 
tion  mill  costs  of  small  Bessemer  billets  rolled  from  the  three  mate- 
rials, tt^ether  with  average  figures  for  all,  stated  in  tabular  form, 
are  as  follows: 
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The  integration  mill  cost,  it  will  be  remembered,  excludes  any 
return  on  anterior  stages  of  production,  transportation,  and  manu- 
facture with  respect  to  the  material  used  in  making  these  small 
Bessemer  billets. 

These  respective  costs  do  not  take  any  account  of  the  additional 
costs  of  general  expense  and  depreciation  which  appear  in  the  profit 
and  loss  accounts  of  the  producing  companies  and  which  are  not  allo- 
cated to  particular  products.  The  Bureau  did  not  apportion  these 
additional  costs  for  1910.  A  normal  figure  for  additional  costs  of 
general  expense  and  depreciation  (including  cumulative  charges  for 
antecedent  stages  of  production)  would  be  $1,20  per  ton.  (See  p.  374.) 
Adding  this  assumed  normal  charge  to  the  average  integration  mill 
cost  of  small  Bessemer  billets  for  1910,  namely,  $13.99,  would  give  a 
total  average  int^:ration  cost  of  $15.19. 

Small  basic  open-heabth  billets. — The  Steel  Corporation's  pro- 
duction of  small  basic  open-hearth  billets  for  1910,  as  already  noted, 
was  602,812  tons,  or  approximately  57  percent  of  the  Corporation's  total 
production  of  small  billets.  It  is  not  practicable  to  give  the  cost  in 
detail  for  this  total  production,  as  a  part  was  rolled  from  blooms  and 
a  part  from  lai^e  billets.  Therefore,  as  was  done  in  the  case  of  small 
Bessemer  billets,  there  are  shown  sepwately  in  the  table  following 
the  costs  of  rolling  small  basic  open-hearth  billets  from  blooms 
and  from  large  billets,  together  with  the  intercompany  profits  in- 
eluded  in  the  items  of  cost  and  the  integration  mill  cost. 
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TiBLE  1T«.-BTEEL  COHPOH  AT  JON'S  MILL  COST  PEE  OEOSS  TON  OF  SHALL  BASIC 
OPEN-HEAETH  BILLETS,  A8  SHOWN  BY  PEODUCINa  COMPANIES'  BOOKS,  APPROX- 
UIATE  INTERCOMPANY  PHOPIT9  INCLpDED  THEREIN,  AND  INTEGRATION  MILL 
COST,  AS  SHOWN  BY  THE  RECORDS  OF  THE  CORPORATION,  FOR  1»10. 
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Of  the  Steel  Corporation's  total  production  of  small  basic  open- 
hearth  billets  in  1910,  482,836  tons  were  rolled  from  bioomB  and 
119,976  tons  were  rolled  from  large  billets.     Approximately  61  per 
cent  of  the  total  production  was  rolled  in  the  Pittsburgh  district,  28    ! 
per  cent  in  the  Valley  district,  and  1 1  per  cent  in  the  Chicago  district. 

Cost  of  Tnaierial. — The  material  for  producing  these  small  basic 
open-hearth  billets,  aa  already  noted,  was  blooms  and  large  billets. 

To  produce  the  above  482,836  tons  of  small  basic  open-hearth 
billets  required  517,070  tons  of  blooms,  or  1.07  tons  per  ton  of  product, 
while  to  produce  the  119,976  tons  of  small  basic  open-heartji  billets 
required  124,160  tons  of  large  billets,  or  1.03  tons  per  ton  of  product. 

The  average  company  or  book  coat  of  tho  basic  open-hearth 
blooms  per  ton  of  small  basic  open-hearth  billets  was  J19.35  and  of 
the  large  basic  open-hearth  billets  119.60.  These  company  or  book 
cost«  included,  however,   as  shown  by  the  second  column  of  the 
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table,  large  items  of  intercompany  profits  going  to  otjier  subsidiary 
companies  of  the  Steel  Corporation  which  produced  or  transported 
the  material  used.  This  profit  goes  back,  of  course,  through  the 
large  billets,  blooms,  ingots  pjid  pig  iron,  on  which  there  were  no 
transfer  profits,  to  the  transfer  profits  on  ore  and  coke  and  the  tram- 
portation  profits  on  ore. 

The  intercompany  profit  in  the  basic  open-hearth  blooms  used 
was  $3.86  per  ton  and  in  the  large  basic  open-heartb  billets,  $3.58  per 
ton.  Deductir^  these  profits  from  the  respective  company  or  book 
costs  of  material  gives  an  integration  cost  of  baaic  open-hearth  blooms, 
per  ton  of  small  baaic  open-hearth  billets,  of  SI5.49,  and,  per  ton  of 
lat^e  basic  open-hearth  billets,  of  S16.02. 

As  in  the  case  of  small  Bessemer  billets  and  other  rolled  products  the 
costs  of  the  material  per  ton  of  product  were  determined  by  the  price 
at  which  the  material  was  used  and  the  net  cost  of  waste  in  rolling. 
Thus,  on  an  integration  basis,  the  average  price  of  the  basic  open- 
hearth- blooms  used  was  $16.11  per  ton  and  of  the  large  basic  open- 
hearth  billets  $15.79  per  ton.  The  average  net  cost  of  waste  was 
S0.38  per  ton  for  smell  billets  made  from  blooms  and  $0.23  per  ton 
for  small  billets  made  from  large  billets.  The  net  cost  of  waste,  of 
course,  was  considerably  larger  on  the  small  billets  rolled  from  blooms 
than  on  those  rolled  from  l&rge  billets,  as  the  latter  involved  one  stage 
of  rolling  as  against  two  stages  for  the  former. 

To  roU  a  ton  of  small  basic  open-hearth  billets  from  blooms  required 
an  average  of  2,399  pounds  of  material,  from  which  there  were  re- 
covered 153  pounds  of  scrap,  indicating  an  actual  loss  in  weight  of 
only  6  pounds  per  ton  of  smaJl  billeta;  to  roll  a  ton  of  small  basic 
open-hearth  billets  from  large  billets  required  the  use  of  only  2,318 
pounds  of  material,  but  there  ware  recovered  only  71  pounds  of  scrap, 
indicating  an  actual  loss  in  weight  of  7  pounds  per  ton  of  small 
billets.  Other  things  being  equal,  however,  this  loss  would  have  been 
loss  than  the  loss  in  rolling  from  blooms. 

Cost  above  material.— The  company  or  book  cost  above  material  for 
the  Steel  Corporation's  production  of  small  basic  open-hearth  billeta 
rolled  from  blooms  was  $0.83  per  ton  and  for  the  production  rolled 
from  large  billets,  $0.72  per  ton.  There  was  no  intercompany  profit 
of  importance  in  the  cost  above  material  for  the  small  billets  rolled 
from  blooms  and  only  $0.01  per  ton  for  small  billets  rolled  from  large 
billets. 

The  average  cost  of  labor  in  rolling  small  basic  open-hearth  billeta 
from  blooms  was  $0,32  per  ton,  and  from  large  billets  $0.30  per  ton. 
As  noted  under  small  Bessemer  billets,  these  labor  costs  did  not  em- 
brace all  labor  expenditures.     (See  p.  456.) 
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In  rolling  small  Bessemer  billets  from  blooms,  the  average  cost  of 
steam  was  $0.22  per  ton  taid  in  roUiiig  them  hora  lai^e  billets  $0.12 
per  ton.  The  other  items  of  cost  were  comparatively  small  and  call 
for  no  special  comment. 

MU  cost. — ^The  company  or  book  mill  cost  of  the  Steel  CorporatJon's 
total  production  of  small  basic  open-hearth  billets  was  $20.21  per  ton. 
For  the  production  rolled  from  blooms,  the  company  or  m'll  cost 
was  $20.18  and  for  the  production  rolled  from  large  billets,  $20.32. 

As  already  explained,  these  company  or  book  costs  included  large 
items  of  intercompany  profit  which  amounted  to  $3.86  per  ton  of 
small  billets  rolled  from  blooms  and  $3.59  per  ton  of  small  billets 
rolled  from  laige  billets.  Deducting  these  intercompuiy  ]»'ofils 
from  the  respectiye  company  or  book  costs  gives  an  int^ration  cost 
of  small  basic  open-hearth  billets  from  blooms  of  $16.32  per  ton  and 
from  billets  of  ilO.fS  per  ton.  The  average  int^ration  cost  for  the  i 
total  production  was,  therefore,  $16.40  per  ton.  | 

These  average  integration  costs,  as  repeatedly  noted,  exclude  any 
return  on  anterior  stages  of  production,  transportation,  and  manu- 
facture with  respect  to  the  material  used  in  producing  these  small 
basic  op^i-hearth  billets.  Furthermore,  these  respective  costs  do  not 
take  any  account  of  the  additional  costs  of  general  expense  and  depre- 
ciation which  appear  in  the  profit  and  loss  accounts  of  the  producing 
companies  and  which  are  not  apportioned  to  particular  products. 
The  Bureau  did  not  apportion  these  additional  costs  for  1910.  How- 
ever, an  assumed  normal  additional  cost  for  general  expense  and 
depreciation  of  $1.40  per  ton  (including  cumulative  choices  for 
antecedent  stages  of  production)  may  be  used.  (See  p.  374.)  If 
this  be  added  to  the  average  integration  mill  cost  of  small  basic  open- 
hearth  billets  for  1910,  namely,  $16.40,  it  would  give  a  total  average 
integration  cost  of  $17.80. 

Section  6.  Steel  Gorporation'a  integration  cost  of  heavy  standard  rails 
for  1910. 

In  recent  years,  as  stated  above,  there  has  been  a  very  great 
increase  in  the  production  of  rails  from  open-hearth  steel.  The 
technical  reasons  for  this  change  are  not  of  importance  here.  It  is 
important,  however,  to  note  the  fact.  It  may  also  be  repeated  that 
tiie  great  bulk  of  heavy  rails  produced  in  other  countries  are  made 
from  Bessemer  steel,  either  acid  or  basic,  and  that  these  are  the  kinds 
of  rails  which  figure  chiefly  in  international  trade.  Mention  has  been 
made  already  of  the  method  of  rolling  rails.     (See  p.  209.) 

The  total  production  of  tlie  country  and  of  the  Steel  Corporation 
for  both  Bessemer  and  open-hearth  rails  during  the  year  1910  is 
shown  in  the  table  following. 
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Tabu  m.-CO VFABI80N  07  PRODUCTION  OF  BESSBUEB  AND  OPEN-HEARTH  STEEI, 
RAIU  BY  THE  STEEL  CORPORATION  WITH  THE  TOTAL  PRODUCTION  IN  THE 
UNITED  STATES,  FOR  ino. 
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1,134,381 
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The  foregoing  table  shows  the  total  production  of  steel  rails  in  each 
case,  including  light  rails  and  girder  rails,  as  well  as  heavy  standard 
raib.  The  Steel  Corporation's  costs  for  heavy  standard  rails  only  are 
shown  below.  Consequently,  the  tonnages  covered  by  the  following 
c(»t  statements  are  considerably  less  than  the  total  rail  produc- 
tion of  the  Steel  Corporation  in  1910. 

Hbatt  standabd  Besseubb  baiu. — Of  the  total  production  of 
Bessemer  rails  by  the  Steel  Corporation  in  1910  (1,134,381  tons), 
923,651  tons  were  heavy  standard  Bessemer  rails.  This  tonnage  is 
covered  by  the  following  cost  statement,  which  combines  the  costs  of 
the  two  rail  plants  of  the  Steel  Corporation  making  Bessemer  raila 
m  the  year  1910: 

Tabli  ISO^-STBEL  CORPORATION'S  HILL  COST  PER  OROSS  TON  OF  HEAVY  STANDARD 
BESSEUER  bails,  as  SHOWN  BT  PSODUCINO  COMPANIES'  COST  SHEETS,  APPROXI- 
UATE  INTEHCOMPANV  PROFITS  INCLUDED  THEREIN,  AND  INTEORATION  MILL 
COST,  AS  SHOWN  BY  THE  RECORDS  OF  THE  CORPORATION,  FOR  1910. 
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Heavy  standard  Bessemer  rails  were  rolled  at  only  two  of  the  Steel 
Corporation's  plants,  one  in  the  Chicago  district  and  the  other  in  tlie 
Pittsbui^h  district.  The  production  of  the  Qiic^o  plant  was  609,653 
tons  and  of  the  Pittsburgh  plant  313,998  tons.  At  the  former  plant 
the  average  weight  of  the  rails  rolled  was  82  6  pounds  per  yard  and 
at  the  latter  plant  82.5  pounds  per  yard. 

ODst  of  material. — The  material  for  the  production  of  these  heavy 
standard  Bessemer  rails  was  Bessemer  rail  ingots.  To  produce  the 
above  tonnage  of  heavy  standard  Bessemer  rails  there  were  used 
1,234,414  tons  of  Bessemer  rail  ingots. 

The  company  or  book  coat  of  the  Bessemer  rail  ingots  per  ton  of  rails 
was  $17.86.  This  cost,  as  in  the  case  of  products  already  discussed, 
included  a  considerable  item  of  intercompany  profit,  as  shown  in  the 
second  column  of  the  table,  going  to  other  subsidiary  companies, 
which  produced  or  transported  the  material  used,  these  profits  con- 
stituting the  total  remuneration  per  ton  accruing  to  such  producing 
or  transportation  companies  for  their  products  or  services  so  far 
as  the  quantities  of  material  here  involved  were  concerned.  The 
amount  of  this  intercompany  profit  in  the  ingots  used  was  84.83  per 
ton  of  Bessemer  rails,  corresponding  to  a  profit  in  the  price  of  the 
ingots  of  $4.65  per  ton.  While  this  appears  as  a  very  large  item,  it 
must  be  remembered  that  it  go^s  back  through  ingots  and  pig  iron 
to  the  chief  raw  materials,  ore  and  coke,  and  includes  large  trans- 
portation profits  on  ore.  The  ingots  themselves  were  transferred  to 
the  rolling  mills  without  profit  over  works  cost,  but  the  intercompany 
profit  was  increased  because  it  required  more  than  1  ton  of  ingote  to 
produce  a  ton  of  rails. 

Deducting  the  intercompany  profit  in  the  ingots  of  $4.83  per  ton 
from  the  company  or  book  cost  of  $17.86  per  ton  leaves  an  integration 
cost  of  ingots  per  ton  of  rails  of  $13.03. 

The  cost  of  the  ingots  per  ton  of  product  was  determined  by  the 
price  of  the  ingots  per  ton  and  the  net  cost  of  waste  in  roUing- 
The  average  integration  price  of  the  Bessemer  rail  ingots  used  was 
$12.14,  and  the  net  cost  of  waste  in  rolling  was  $0.89,  making  the 
net  coat  of  ingots  per  ton  of  rails  $13.03. 

The  integration  price  at  which  the  Bessemer  rail  ingots  were  used 
Was  $12.14  per  ton  while  the  integration  works  cost  of  producing  them, 
as  shown  by  Table  169,  page  427,  was  $12.17.  This  small  difference  of 
$0.03  per  ton  may  have  been  due  to  minor  cost  adjustments  but  more 
probably  to  the  difference  in  the  quantities  of  Bessemer  rail  ingots 
produced  and  of  those  used  for  making  heavy  Bessemer  rails.  Thus, 
of  the  1,399,127  tons  of  Bessemer  rail  ingots  produced,  1,234,414  tons 
■were  used  in  making  heavy  standard  Bessemer  rails,  while  the  re- 
maining 164,713  tons  were  used  probably  for  rollii^  fight  rails  and 
girder  ruls. 
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It  required  1 .34  gross  tons  of  Bessemer  rail  ingots,  or  2;994  pounds, 
to  produce  &  gross  ton  of  heavy  Bessemer  rails,  n  gross  loss  of  754 
pounds.  From  the  material  used,  however,  there  were  recovered 
719  pounds  of  steel  scrap  per  ton  of  rails,  which  reduced  tiie  actual 
loss  in  weight  to  only  35  pounds  per  ton  of  product,  or  an  actual  loss 
in  weight  of  1.2  per  cent. 

The  scrap  recovered,  as  noted  above,  was  relatively  very  lai^, 
for  the  reason  that  a  lai^e  portion  of  the  partly  rolled  bloom, 
corresponding  to  the  top  of  the  ingot,  must  be  cut  off  on  account  of 
the  piping  (see  p.  177)  in  order  to  insure  a  perfect  rail.  Moreover, 
the  amount  of  the  scrap  was  not  due  entirely  to  the  discarded  parts 
of  the  steel  but  also  to  defective  rails.  The  scrap  recovered  was 
24  per  cent  of  the  ingots  used.  By  reference  to  the  preceding  table 
it  will  be  seen  that  the  Steel  Corporation's  recovery  of  scrap  for 
1910,  namely,  719  pounds  per  ton  of  rails,  was  considerably  larger  than 
the  average  of  all  companies  for  the  period  1902  to  1906,  namely,  491 
pounds.  This  no  doubt  was  due,  in  a  targe  measure,  to  the  more 
exacting  demands  of  the  railroads  for  rails  free  from  imperfections. 

Cost  above  material. — The  total  company  or  book  cost  above  mate- 
rial was  $2,37  per  ton.  This  company  cost  mcluded  certain  small 
amounts  of  intercompany  profit  chieSy  on  fuel  for  heating  and  for 
making  steam  and  on  materials  used  in  repairs  and  maintenance. 
The  amount  of  intercompany  profit  entering  into  the  company  cost 
in  this  way  was  $0.03  per  ton  of  Bessemer  rails  and  reduced  tiie 
cost  above  material,  on  an  integration  basis,  to  |2,34  per  ton. 

Approximately  50  per  cent  of  the  total  cost  above  material  was  in 
the  item  of  labor.  The  average  cost  of  labor  was  $1.14  per  ton. 
The  labor  cost,  as  shown  by  the  cost  statement  and  as  repeatedly 
noted  for  other  products,  embraced  all  forms  of  producing  labor,  i.  e., 
charging,  heating,  rolling,  shearing,  sawing,  straightening,  etc.,  and 
labor  in  repairs  and  maintenance.  There  was,  in  addition,  however, 
considerable  labor  expense  in  other  items  of  cost  not  classified  as  such 
by  the  Steel  Corporation.  Moreover,  the  cost  of  material,  of  course, 
involved  a  large  amount  of  labor  in  preceding  stages  of  production. 

The  average  company  or  book  cost  of  fuel  was  $0.17  per  ton.  At 
the  Pittsbui^h  plant  of  the  Steel  Corporation  the  fuel  was  almost 
entirely  natural  gas,  while  the  Chicago  plant  used  coal  almost  exclu- 
sively. The  book  cost  of  fuel  included  an  intercompany  profit  item 
of  $0,01  per  ton.  There  was  no  intercompany  profit,  however,  in  the 
price  at  which  the  natural  gas  was  used. 

The  averse  company  or  book  cost  of  steam  was  $0.37  per  ton. 
Included  in  this  cost  was  a  small  item  of  profit  on  the  fuel  used 
amounting  to  $0.01  pei  ton  of  product,  which  reduced  the  steam 
cost  OQ  an  integrated  basis  to  $0.36  per  ton. 
77232°- 
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RoUb,  materi&Is  in  repairs  and  maintenance,  and  supplies  and 
expense,  respectively,  as  shown  by  records  of  the  producing  com- 
panies, coat  $0.12,  $0.18,  and  tO.39  per  ton.  An  average  inter- 
company profit  of  JO.Ol  per  ton  was  included  in  the  company  cost 
of  materials  in  repairs  and  maintenance,  which  gives  a  net  cost  for 
this  item  of  $0.17  per  ton. 

MiU  coa(.— The  average  company  or  book  mill  cost  of  the  Steel 
Corporation's  production  of  heavy  standard  Bessemer  rails  in  1910, 
as  shown  by  the  producing  companies'  cost  records,  was  $20.23  per 
ton.  This  cost,  however,  included  an  intercompany  profit  of  $4.86 
per  ton.  Therefore,  on  an  integrated  basis,  which  excluded  any 
return  to  anterior  stages  of  production,  transportation,  and  manu- 
facture with  respect  to  the  materials  used  in  making  these  rails,  the 
mill  cost  was  reduced  from  $20.23  to  $15.37  per  ton. 

This  integration  mill  cost  does  not  take  any  account  of  the  addi- 
tional costs  for  general  expense  and  depreciation  which  appear  in  the 
profit  and  loss  accounts  of  the  producing  companies,  though  not 
allocated  to  particular  products.  These  additional  costs  were  not 
apportioned  by  the  Bureau  for  the  year  1910,  as  already  stated,  but 
$1.30  (seep.  374),  is  probably  a  fair  approximation  of  this  cost  (includ- 
ing cumulative  charges  for  anterior  processes).  Adding  this  cost  to 
the  foregoing  integrated  mill  cost  of  rails,  namely,  $15.37  per  ton, 
gives  a  total  integrated  cost  of  $16.67  per  ton  for  these  heavy  standard 
Bessemer  rails. 

Opbk-heaeth  bails. — The  total  output  of  open-hearth  rails  by 
the  Steel  Corporation  in  1910  was  1,004,565  tons.  These  were  pro- 
duced at  both  Northern  and  Southern  mills.  Heavy  standard  reils 
formed  about  85  per  cent  of  the  total.  As  the  Northern  and  South- 
ern jnilla  which  made  these  rails  operated  under  different  technical 
conditions,  particularly  with  respect  to  cost  of  material,  the  costs  of 
each  are  shown  separately.  Those  for  the  Southern  mill  do  not 
show  any  integration  profits  for  the  reasons  already  stated  (p.  415). 

The  costs  of  heavy  standard  open-hearth  rails  at  the  Northern 
and  Southern  mil  Is  of  the  Steel  Corporation  for  the  year  1910,  as 
shown  on  the  cost  sheeta  of  the  producing  companies,  are  given  in 
the  table  following. 


n,s,t,..d:,i.  Google 


8TBBL  COBPOaATION 'S  COSTS   OF   BOLLED  FBODUCTS,   1910.     465 

TULI  181.~STESL  COBPOBATION'S  lOLL  COST  PER  OBOBB  TON  Of  HEAVY  STAND. 
ASD  OP£N-HBAaTB  RAILS  AT  NORTHERN  AND  SOUTHERN  KILLS,  AS  SHOWN  BY 
PBODUdNO  COMPANIES'  BOOKS,  APFBOXIHATE  JNTEBCOUPANY  PROFITS  IN- 
CLUDED THEREIN,  AND  INTEGRATION  MILL  COST,  AS  SHOWN  BY  THE  RECORDS 
or  THE  CORPORATION,  FOR  IVIO. 
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Northern  tkSU.- — The  Steel  Corporation's  production  of  heavy 
standard  open-hearth  rails  at  its  Northern  miUs  in  1910,  as  shown 
by  the  table,  was  530,855  tons.  Heavy  standard  open-hearth  rails 
were  rolled  at  four  of  the  Steel  Corporation's  Northern  plants.  The 
greater  part  of  the  production,  however  (about  80  per  cent),  was 
rolled  at  a  single  plant  in  the  Chicago  district. 

Coat  of  material. — The  material  for  the  production  of  these  heavy 
standard  open-hearth  rails  whs  basic  open-hearth  ingots.  In  certain 
instances  separate  costs  were  kept  of  rolling  ingots  into  blooms  and 
blooms  into  rails.  These  costs,  however,  were  combined  in  order  to 
put  the  costs  of  the  several  mills  on  the  same  basis — that  of  rolling 
rails  from  ingots.  To  produce  the  630,955  tons  of  heavy  standard 
open-hearth  rails  there  were  used  675,256  tons  of  basic  open-hearth 
ingots. 

The  company  or  book  cost  of  these  ingots,  per  ton  of  rails,  was 
118.37.  '  This  cost  included  a  large  item  of  intercompany  profit, 
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shown  in  the  second  column  of  the  table,  which,  so  far  as  the  material 
here  in  question  is  concerned,  constituted  the  total  return  on  inrest- 
ment  of  antecedent  producing  or  transportation  companies  for  their 
products  or  services.  The  amount  of  this  intercompany  profit  in  the 
ingots  used  was  equal  to  $3.54  per  ton  of  open-dearth  rails,  or  to 
S3.41  per  ton  of  ingots.  As  it  required  more  than  1  ton  of  ingots  to  | 
produce  a  ton  of  rails,  the  proHt  per  ton  of  rails  was  larger. 

This  profit  in  the  ingots  goes  back  chiefly  to  the  large  transfer  aod 
transportation  profits  in  ore  and  the  transfer  profits  in  coke.  The 
ingots  themselves  were  transferred  to  the  rail  mill  without  chai^ng 
a  profit  over  the  costs  as  shown  by  the  cost  sheets,  though  in  one  case 
there  was  a  very  small  item  of  freight. 

Deducting  from  the  company  or  book  cost  of  ingots,  namely,  $18.37  , 
per  ton,  the  intercompany  profit  of  $3.54  per  ton  gives  an  integration 
cost  of  ingots  per  ton  of  open-hearth  rails  of  $14.83.  As  in  the  case 
01  other  products,  the  cost  of  the  ingots  per  ton  of  open-hearth  nuls 
was  determined  by  the  price  of  the  ii^ots  per  ton  and  the  net  cost  of  , 
waste  in  rolling.  Thus,  the  average  price,  on  an  integration  basb,  of 
the  basic  open-hearth  ingots  was  S13.66  per  ton,  and  the  net  cost  of  j 
waste  in  rolling,  on  the  same  basis,  was  $1.17  per  ton,  I 

As  aiready  noted,  the  ingots  themselves  were  transferred  to  the  j 
rail  Tnilk  at  works  cost.  The  average  integration  works  cost  of  the  i 
Steel  Corporation's  production  of  Northern  basic  open-hearth  ingots,  I 
as  shown  by  Table  170,  on  page  430,  was  $13.65  per  ton,  while  the 
average  price  of  the  ingots  used  for  making  rails  (only  a  part  of  the 
total  production)  was  $13.66  per  ton. 

At  the  Northern  mills  it  required  1.27  gross  tons  or  2,849  pounds  of 
ingots  to  produce  a  ton  of  heavy  standard  open-hearth  rails.  There 
were  recovered  from  this  metal  used  587  pounds  of  scrap  per  ton  of 
product,  which  gives  a  net  loss  in  weight  of  but  22  pounds  per  ton  of 
rails,  or  only  eight-tenths  of  1  per  cent. 

Cost  above  Tnateridt.—The  total  company  or  book  cost  above  mate- 
rial was  $2.54  per  ton.  Included  in  this  cost  above  material  was 
an  intercompany  profit  on  the  fuel  used  for  producer  gas  which 
averaged  $0.02  per  ton,  and  which  reduced  the  total  cost  above 
material  on  an  integration  basis  to  $2.52  per  ton  of  open-hearth  rails. 

The  average  cost  of  labor,  by  far  the  most  important  single  item  of 
cost  above  material,  was  $1.19  per  ton.  The  claasiScation  of  labor 
costs  for  heavy  standard  open-hearth  rails,  as  shown  by  the  Steel 
Corporation's  records,  was  exactly  the  same  as  that  for  heavy  standard 
Bessemer  raits.  This  labor  cost,  as  shown  on  the  cost  statement, 
embraced  all  forms  of  producing  labor  and  labor  in  repairs  and  main- 
tenance. In  addition,  however,  then  was  considerable  labor  expense 
included  in  the  other  items  of  cost,  particularly  in  the  items  of  sl«am 
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and  supplies  and  expense.  MoreoTer,  the  cost  of  material,  of  course, 
involved  a  large  amount  of  labor  in  pjeceding  stages  of  production. 

The  average  company  or  book  cost  of  fuel  was  $0.32,  and  the 
intercompany  profit  therein  was  10.02,  making  an  integration  cost  of 
fuel  of  $0.30  per  ton  of  rails. 

In  no  other  item  of  cont  above  material  was  there  found  any  inter- 
company profit  of  importance.  For  the  Steel  Corporation's  pro- 
duction of  open-hearth  rails  at  its  Northran  miUs  the  average  com- 
pany cost  of  steam  was  $0.18  pw  ton;  of  rolls,  $0.11  per  ton;  of 
materials  in  repairs  and  maintenance,  $0.1d  per  ton;  and  of  sup- 
plies and  expense,  $0.S5  per  ton.  These  items  of  cost  were  integra- 
tion as  well  as  compuiy  costs,  as  they  included  no  intercompany  profit 
large  enough  to  appear  in  the  table. 

MiU  cost. — The  average  company  or  book  mill  cost  of  the  Steel 
Corporation's  production  of  heavy  standard  open-hearth  rails  at  its 
Northern  mills  in  1910  was  $20.91  per  ton  and  the  intercompany 
profit  included  in  this  company  or  book  cost  was  $3.56  per  ton  qt 
rails  produced.  Thus,  the  total  mill  cost  of  rails  was  reduced  from 
S20.91  to  $17.35  per  ton.  This  integration  cost  excluded  any  profit 
for  the  anterior  processes  of  production,  manufacture,  or  transporta- 
tion 80  far  as  the  quantities  of  material  used  in  making  these  rails 
were  concerned. 

Moreover,  this  integration  mill  cost  does  not  allow  for  any  addi- 
tional costs  on  account  of  general  expense  or  depreciation  appear^ 
ing  in  the  profit  and  loss  accounts  and  not  allocated  to  particular 
products.  These,  as  stated  elsewhere,  were  not  apportioned  by  the 
Bureau  for  the  year  1910,  but  a  fair  approximate  figure  for  open- 
hearth  rails  (including  cumulative  charges  for  anterior  processes) 
probably  would  be  $1.55  per  ton.  (See  p.  374.)  This  added  to  tiia 
integration  miU  cost  stated  above  would  give  a  total  integration  cost 
of  $18.90  per  ton  of  heavy  standard  open-hearth  rails  at  Northern 
nulls. 

Sovihem  miU. — As  aheady  stated,  the  cost  of  rails  at  the  Southern 
mill,  as  shown  by  the  cost  sheets,  did  not  contain  any  items  of  inter- 
company profit.  (See  p.  464.)  The  Southern  mill  started,  therefore, 
with  practically  an  integration  cost  for  ingots  used,  namely,  $14.86 
per  ton  of  rails,  which  may  be  compared  with  the  integration  cost 
for  the  Northern  mills  of  $14.83  per  ton.  The  elimination  of  the 
intercompany  profits  in  this  item  for  the  Northern  mills  put  them, 
therefore,  on  a  fairly  even  basis  to  start  with.  The  labor  and  other 
costs  above  material  at  the  Northern  mills  were,  however,  considera- 
bly lower,  namely,  $1.19  per  ton  for  labor  and  $1.33  per  ton  for  the 
other  costs  above  material,  as  against  $1.72  for  labor  at  the  Southern 
mill  and  $2.66  for  the  other  costs  above  material.    Hence,  the  total 
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integratioii  mill  cost  of  rails  was  considerably  lower  for  the  Northern 
milla  than  for  the  Southern  mill,  namely,  S17.3S  and  119.24  per  ton 
of  rails,  respectively. 

The  addition  of  the  assumed  normal  charge  for  general  expense  and 
depreciation  (which  must  be  taken  at  a  higher  %ure  for  the  Southern 
than  for  the  Northern  plants  on  account  of  the  duplex  process), 
namely,  $1,65,  would  give  a  total  cost  for  open-hearth  rails  for  the 
Southern  mill  of  S20.89  per  ton.  As  a  matter  of  fact,  such  charges  for 
the  Southern  rniH  are  said  to  be  higher  on  account  of  the  low  produc- 
tion of  this  mill  as  compared  with  capacity.  Taking  both  these 
groups  on  the  basis  of  integration  cost  plus  additional  charges,  there- 
fore, the  Northern  mills  enjoyed  an  advantage  of  no  less  than  $1.99 
per  ton  of  rails.  The  question  of  location  with  respect  to  markets 
is  not  of  so  much  significance  in  this  case  as  for  pig  iron,  for  example. 
The  South  and  Southwest  is,  of  course,  a  good  market  for  raUs,  while 
for  the  export  trade  Birmingham  has  a  superior  location  compared 
with  Chicago,  though  not  any  better  perhaps  than  Pittsburgh.  There 
does  not  appear  to  be  much  export  demand,  however,  for  open- 
hearth  rails,  at  least  at  higher  prices  than  for  Bessemer. 

Section  7.  Steel  Corporation's  integration  cost  of  plates  for  1910. 

Steel  plates  are  of  two  kinds,  namely,  sheared  and  universal — the 
former  being  rolled  on  the  sbeared-plate  mill  and  the  latter  on  what 
is  known  as  the  universal  plate  mill,  A  brief  description  of  these 
two  kinds  of  plate  mills  has  been  given.     (See  p.  216.) 

The  Steel  Corporation  produces  steel  plates  on  both  types  of  miB. 
In  1910  the  Corporation's  production  of  sheared  plates  was  642,223 
tons  and  of  universal  plates  514,SdS  tons.  The  total  production  of 
Bteel  plates  for  1910,  as  reported  by  the  American  Iron  and  Steel 
Association,  was  2,769,965  tons;  the  production  by  the  Steel  Cor- 
poration, therefore,  was  approxunatety  42  per  cent  of  the  total  for 
the  country. 

As  the  two  kinds  of  plates  differ  in  cost  of  production,  due  to 
differences  in  the  methods  of  rolling  and  size  of  the  plates,  it  is  desir- 
able to  consider  separately  the  coats  of  sheared  plates  and  of  universal 
plates. 

Sheabed  plates. — In  the  table  following  are  given  the  Steel 
Corporation's  average  mill  cost  of  producing  basic  open-hearth 
sheared  plates  in  1910,  as  shown  by  the  books  of  the  producing  com- 
panies, together  with  the  intercompany  profits  included  in  the  items 
of  cost  and  the  integration  mill  cost. 
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TaSU  18S>-8TEEL  CORPORATION'S  MILL  COST  PER  OROS8  TON  OF  BASIC  OPBN- 
HEARTH  gHBAKED  PLATES,  AS  SHOWN  BY  PRODUCDIO  COMPANIES'  COST 
SHEETS,  APPROXIMATE  INTERCOMPANY  PROFITS  INCLUDED  THEREIN,  AND  IN- 
TEGRATION MILL  COST,  AS  SHOWN  BY  THE  RECORDS  OF  THE  CORPORATION, 
FOR  1010. 
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The  greater  part  of  the  Steel  Corporation's  production  of  sheared 
plates  was  made  in  the  Pittsburgh  district.  Of  the  total  production, 
503,955  tons  (78.5  per  cent),  were  made  in  the  Pitteburgh  dJBtrict, 
121,282  tona  (18.9  per  cent)  in  the  Chicago  district,  and  16,986  tons 
(2.6  per  cent)  in  the  Southern  district.  The  total  production  of 
642,223  tons  represented  the  output  of  eight  sheared-plate  mills  (at 
four  plants)  or  an  average  output  of  80,278  tons  per  mill.  At  two  of 
the  eight  mills  the  production  was  slightly  in  excess  of  150,000  tons 
each. 

Oost  of  muterial. — ^The  material  for  ppodncing  the  sheared  plates 
was  basic  open-hearth  slabs.  Bessemer  steel  is  not  generallj  used 
in  the  manufacture  of  plates.  To  produce  the  above  tonnage  of 
sheared  plates,  namely,  642,223  tons,  there  were  used  839,576  tons 
of  basic  open-hearth  slabs  or  1.31  tons  per  ton  of  product. 

The  average  company  or  book  cost  of  the  basic  open-hearth  slabs 
used  was  $21.94  per  ton  of  sheared  plates.  This  figure  included, 
howev^,  as  shown  by  the  second  column  of  the  table,  a  lai^e  item  of 
intercompany  profit  going  to  other  subsidiary  companies  of  the  Steel 
Corporation  which  produced  or  transported  the  material  used.  As 
for  other  rolled  products  this  profit  goes  back  through  the  slabs, 
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ingots,  and  pig  iron,  on  which  there  was  no  profit,  to  tiie  raw  tnate- 
ri&b  imd  consisted  chiefly  of  trimsfer  profits  on  ore  and  coke  and 
transportation  profits  on  ore. 

The  average  intercompany  profit  in  the  open-hearth  slabs  used 
amounted  to  $3. S3  per  ton  of  sheared  plates,  which  is  equivalent  to 
S3.66  per  ton  in  the  price  of  slabs  used.  As  it  required  more  than 
one  ton  of  slabs  to  produce  a  ton  of  sheared  plates  the  intercompany 
profit  per  ton  of  product  was,  of  course,  increased.  Deducting  from 
the  compuiy  or  book  cost  of  the  slabs,  namely,  $21.94  per  ton,  th« 
intercompany  profit  of  13.83  per  ton  gives  an  int^ratioa  cost  of 
slabs  of  (18.11. 

This  integration  cost  of  ^bs  of  (18.11  per  ton  of  sheared  plates 
was  made  up  of  the  price  of  the  slabs  per  ton  end  the  net  cost  of 
waste  in  rolling.  Thus,  the  integration  price  of  the  slabs  was  (15.95 
per  ton  and  the  net  cost  ot  waste  in  rolling  was  S2.16  per  ton. 

As  previously  noted  the  slabs  included  little,  if  any,  transfer  profit; 
therefore  the  average  price  on  an  integration  basis  corresponded 
closely  with  the  average  integration  cost  of  basic  open-hearth  slabs 
produced.     (See  Table  176,  p.  446.) 

The  net  cost  of  waste  in  rolling  on  an  integration  basis,  nam^, 
$2.16  per  ton,  was  high  compared  with  that  for  products  previously 
considered.  This  was  due  to  the  extensive  shearing  or  cropping 
of  the  sides  and  ends  of  the  plates.  Thus,  the  total  quantity  of 
slabs  used  to  produce  642,223  tons  of  sheared  plates  was  839,576 
tons.  The  scrap  recovered  was  185,156  tons,  or  22  per  cent  of  the 
slabs  used.  In  other  words,  to  produce  a  gross  ton  of  sheared  plates 
required  2,928  pounds  of  slabs,  from  which  were  recovered  646 
pounds  ot  scrap  per  ton  of  plates,  indicating  a  net  loss  of  42  pounds 
per  ton  of  product. 

Cost  above  Tnatenal. — The  cofnpany  or  book  cost  above  material 
in  the  production  of  sheared  plates  from  slabs  was  (3.67  per  ton.  In- 
cluded in  this  company  cost  was  a  small  amount  of  intercompany 
profit,  namely,  (0.02  per  ton  of  plates,  arising  principally  from  fuel 
for  heating  and  for  the  production  of  steam.  Deducting  the  inte^ 
company  profit  of  $0.02  per  ton  from  the  company  cost  of  (3.67  gives 
an  integration  cost  above  material  of  $3.65  per  ton. 

The  labor  cost  in  rolling  sheared  plates  was  relatively  more  impoi^ 
tant  than  for  the  other  rolled  products  heretofore  discussed.  The 
averse  cost  of  labor  was  $1.91  per  ton  of  sheared  plates,  and  constJ- 
tuted  52.3  per  cent  of  the  integration  cost  above  material.  This 
average  labor  cost  of  $1.91  per  ton,  as  for  other  products,  did  not 
embrace  all  expenditures  for  labor,  but  only  such  as  were  classified 
as  labor  under  the  accounting  system  of  the  Steel  Corporation;  that 
IS,  it  included  producing  labor  and  labor  in  repairs  and  maintenanre. 
In  addition  to  this  some  of  the  other  items  of  cost — few  instance, 
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Bteam,  rolls,  and  supplies  and  expense — included  certain  labor  expeo- 
ditures.  Moreover,  the  cost  of  material,  of  course,  involTed  a  large 
amount  of  labor  in  preceding  stages  of  production. 

The  average  company  or  book  cost  of  fuel,  principally  for  heating, 
was  SO-30  per  ton.  Natural  gas  was  used  tai^gely;  the  prices  at  which 
it  was  used  were  either  tO.043  or  $0,121  per  thousand  cubic  feet.  As 
the  greater  quantity  was  used  at  the  lower  price,  the  fuel  cost  was  veiy 
low,  (See  p.  432.)  However,  at  one  plant,  with  a  lai^e  output,  coal 
was  used  in  making  producer  gas  and  the  price  at  which  the  coal 
was  used  included  a  comparatively  large  intercompany  profit.  As 
there  was  no  intercompany  profit  io  the  natural  gas  used  the  profit 
on  the  fuel,  as  related  to  the  total  production  of  sheared  plates,  - 
averaged  only  $0.01  per  ton.  This  reduced  the  cost  of  fuel,  on  an 
int^rated  basis,  to  $0.29  per  ton. 

The  average  company  or  book  cost  of  steam  was  S0.42  per  ton. 
This  item  of  cost  also  included  an  intercompany  profit  of  $0.01  per 
ton,  which  gives  an  integration  cost  of  steam  of  $0.41  per  ton. 

Kolls,  materials  in  repairs  and  maintenance,  and  supphes  and  ex- 
pense averaged,  respectively,  $0.19,  S0.30,  and  $0.55  per  ton.  These 
items  of  cost  included  no  intercompany  profit  of  importance. 

Mill  cost. — The  Steel  Corporation's  company  or  book  mill  cost  of 
sheared  plates  for  1910  was  $25.61  per  ton,  and  the  total  inter- 
company profit  included  therein  was  $3.85  per  ton.  The  mill  cost 
of  sheared  plates  was,  therefore,  reduced  from  $25.61  to  $31.76  per 
ton.  This  integration  cost,  excluded  any  return  on  anterior  stages 
of  production,  transportation,  and  manufacture  with  respect  to  the 
material  used  in  the  manufacture  of  these  sheared  plates. 

Furthermore,  this  int^ration  cost  of  sheared  plates  does  not  take 
into  account  such  additional  costs  of  general  expense  and  depreciation 
as  appear  in  the  profit  and  loss  accounts  and  which  are  not  appor> 
tioned  to  the  several  products.  The  Bureau,  as  already  stated,  did 
not  apportion  these  additional  costs  for  1910.  A  fair  approximation 
of  this  cost  (including  cumulative  charges  for  anterior  processes) 
may  be  placed  at$l.SOper  ton.  (See  p.  374.)  Adding  this  additional 
cost  to  the  foregoing  integrated  mill  cost,  namely,  $21,76,  gives  a 
total  int^rated  cost  of  sheared  plates  of  $23.56  per  ton. 

Universal  plates. — The  Steel  Corporation's  production  of  uni- 
versal plates — thoae  made  on  the  universal  plate  mills  and  as  a 
rule  considerably  narrower  than  sheared  plates — was  514,858  tons. 
This  comprised  44.6  per  cent  of  the  Steel  Corporation's  total  plate 
production  in  1910. 

The  Steel  Corporation's  production  of  universal  plates  in  1910,  as 
shown  by  the  cost  records  of  the  producing  companies,  was  rolled 
from  both  ingots  and  slabs.  As  the  costs  of  the  material  and  costs 
above  material  would  not  be  on  the  same  basis,  because  slabs  have 
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gone  tJu-ongH  one  stage  of  rolling,  it  is  necessary  (o  show  separatelj 
the  costs  of  luUTers&l  plates  rolled  frojn  ingots  uid  of  those  roDed 
from  slabs.  Furthermore,  the  plates  rolled  directly  from  ingots 
ordinarily  comprtBed  plates  of  greater  average  ihictoess  of  gauge 
which  could  be  produced  at  less  cost  than  lighter  gauges. 

In  the  following  table  there  are  given,  therefore,  the  Steel  Corpora- 
tion's average  mill  cost  of  universal  plates  in  1910  rolled  from  (1)  basic 
open-hearth  ingots,  (2)  basic  open-heart^  slabs,  and  (3)  nuzed  Bes- 
semer and  basic  open-hearth  slabs,  as  shown  by  the  books  of  the  pro- 
ducing companies,  together  with  the  intercompany  profits  included 
in  the  items  of  cost  and  the  integration  mill  cost: 

Tui>  18J.-aTKEL  CORPOBATION'B  lOLL  COST  PER  GROSS  TON  OF  UNTVEBSAI. 
FLATES,  48  BHOWN  BY  PRODUCDfO  COUPANIES'  COST  SHEETS,  APPBOXDCATE 
INTERCOMPANY  PROFITB  mcLUDED  THEBEDI,  AND  IKTBORATION  MILL  COST, 
AS  SHOWN  BY  TEE  RECORDS  OF  THE  CORPORATION,  FOR  ISIO. 
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The  total  production  of  universal  plates  in  1910  by  the  Steel  Corpo- 
ration, BS  noted  above,  was  514,858  tons.  Of  this  total,  219,890 
tons  were  rolled  directly  from  basic  open-hearth  ingots;  195,483  tons 
from  basic  open-hearth  slabs;  and  99,486  tons  from  mixed  Bessemer 
and  basic  open-hearth  slabs.  The  production,  in  all,  repres«ited  the 
output  of  six  mills  (at  four  plants) ,  giving  an  average  output  per  mill 
of  85,810  tons.  Practically  three-fourths  of  the  Steel  Corporation's 
total  production  of  universal  plates  in  1910  was  produced  in  the 
Pittsbui^h  district.  At  one  mill  in  the  Pittsburgh  district  the  pro- 
duction was  over  160,000  tons. 

Ck>at  of  material. — ^The  material  for  the  production  of  universal 
plates,  as  noted  above,  Was  basic  open-hearth  ingots  and  basic  open- 
hearth  and  Bessemer  slabs.  To  produce  the  above  tonnage  of  uni- 
TersaJ  plates,  namely,  514,858  tons,  there  were  used  284,356  tons  of 
basic  open-hearth  ingots,  224,422  tons  of  basic  open-hearth  slabs,  and 
113,975  tons  of  mixed  Bessemer  and  basic  open-hearth  slabs,  a  total 
of  622,763  tons. 

The  average  company  or  book  cost  of  the  basic  open-hearth  ii^ts, 
per  ton  of  plates,  was  <19.56;  of  the  basic  open-hearth  slabs,  $20.60; 
and  of  the  mixed  Bessemer  and  basic  open-hearth  slabs,  $21.65. 

These  respective  company  or  book  costs  of  material  included, 
however,  as  shown  by  the  table,  large  items  of  intercompany  profit 
going  to  other  subsidiary  companies  of  the  Steel  Corporation  whidi 
produced  or  transported  the  material  used.  This  profit  goes  back 
through  the  slabs,  ingots,  and  pig  iron,  on'  which  there  were  no  transfer 
profits  of  importance,  to  the  transfer  profits  on  ore  and  coke  and  the 
transportati<>n  profits  on  ore. 

The  average  intercompany  profit  in  the  baaic  open-hearth  ingots 
used  was  $3.84  per  ton  of  universal  plates;  in  the  basic  open-hearth 
slabs  used,  $3.80  per  ton;  and  in  the  mixed  Bessemer  and  basic  open- 
hearth  slabs  used,  $4.19  per  ton.  Deducting  the  intercompany  profit 
from  the  respective  company  or  book  cost  of  material  gives  an  inte- 
gration cost  of  basic  open-hearth  ingots  of  $15.72  per  ton  of  plates; 
of  basic  open-hearth  slabs,  $16.70  per  ton  of  plates;  and  of  mixed 
Bessemer  and  basic  open-hearth  slabs,  $17.46  per  ton  of  plates. 

These  integration  costs  of  materials  per  ton  of  plates  were  equal 
to  the  price  of  the  ingots  or  slabs  plus  the  net  cost  of  waste  in  rolling. 
The  average  int^irated  price  of  the  basic  open-hearth  ingots  was 
$14.13;  of  the  basic  open-hearth  slabs,  $16.66;  and  of  the  mixed  Besse- 
mer and  basic  open-hearth  slabs,  $16.25  per  ton. 

The  integrated  net  cost  of  waste  in  rolling  universal  plates  from 
basic  open-heartii  ingots  was  $1.59  per  ton;  from  basic  open-hearth 
slabs,  $1.04  per  ton;  and  from  mixed  Bessemer  and  basic  open-hearth 
slabs,  $1.21  per  ton.  The  waste,  of  course,  was  considerably  lai^er  on 
the  plates  rolled  from  ingots  than  on  those  rolled  from  slabs,  as  the 
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latter  involved  one  stage  of  rolling  as  against  two  stages  for  the 
former. 

The  above  net  costs  of  waste  were  considerably  lees  than  the  cost 
of  waste  in  the  case  of  sheared  plates,  namely,  S2.16  per  ton.  (See 
Table  1S2,  p.  469.)  This  was  due  largely  to  tJie  differences  in  scrap. 
A  large  part  of  the  plates,  produced  on  a  sheared-plate  mill,  must  be 
sheared  off  in  order  to  straighten  the  sides  and  ends  which  before 
that  are  exceedingly  rough  and  irregular.  It  is  not  necessary  to 
shear  the  sides  of  universd  plates  in  thb  way.  (See  p.  216.)  There 
is  considerable  difference,  therefore,  in  the  amount  of  scrap  recovered 
from  the  two  types  of  plate  mills.  Approximately  twice  as  much 
scrap  was  made  on  sheared-plate  mills  as  on  universal  plate  mills. 

Coat  ahove  material. — The  cost  above  material  for  the  plates  rolled 
from  ingots  was  $3.23  per  ton,  while  for  the  plates  rolled  from  slabs 
the  costs  were  $3.24  and  $4.32,  respectively,  as  shown  in  the  table,  and 
averf^ed  $3.60  per  ton.  For  the  same  gauge  of  plates  the  cost  above 
material  would'be  less  on  the  plates  rolled  from  slabs,  other  things 
being  equal,  as  the  reduction  in  size  is  not  so  great.  However,  as 
already  noted,  the  average  gauge  of  the  plates  rolled  directly  from 
ingots  is  ordinarily  greater,  and  hence  the  cost  of  rolling  considerably 
less.  Then,  again,  the  average  output — an  important  factor  in  deter- 
mining the  cost  above  material — of  the  mills  usmg  ingots  was  sub- 
stantially larger  than  of  the  mills  using  slabs,  which  no  doubt  was 
due  in  part  also  to  differences  in  gauge. 

Included  in  the  average  company  or  book  cost  above  material  of 
$3.23  for  the  part  of  the  production  rolled  from  ingots  there  was  a 
small  amount  of  intercompany  profit  of  $0.01  per  ton  arising  princi- 
pally from  fuel  for  the  production  of  steam,  while  on  the  part  of  the 
production  rolled  from  slabs  there  was  an  average  intercompany  profit 
of  $0.02  per  ton  in  the  company  cost  above  material  of  $3.60.  De- 
ducting these  intercompany  profits  gives  an  integration  cost  above 
material  of  $3.22  per  ton  from  ingots  and  $3.58  per  ton  from  slabs. 

For  the  items  of  cost  above  material,  the  average  costs  for  plates 
rolled  from  slabs  are  given  combined,  instead  of  separately,  as  shown 
in  the  table.  Such  figures  are  more  representative  of  the  average 
costs  of  rolling  from  slabs. 

The  average  cost  of  labor  in  rolling  universal  plates  from  ingots  was 
$1.24  per  ton,  and  from  slabs  $1.72  per  ton.  Both  were  materially 
less  than  the  labor  cost  of  sheared  plates,  namely,  $1.91  per  ton. 
The  process  of  rolling  universal  plates  was  largely  automatic,  requir- 
ing but  little  hand  labor,  while  the  roUiag  of  sheared  plates  involved 
considerably  more  hand  labor  in  rolling  as  well  as  in  shearing.  The 
labor  costs  for  universal  plates  did  not  embrace  all  labor  expenditures. 
(See  p.  470.)  As  indicated  above,  the  average  labor  cost  per  ton  of 
universal  plates  was  considerably  less  for  the  plates  rolled  directly 
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from  ingots  than  for  those  roU«d  from  slabs.  Here,  again,  the 
explanation,  in  a  lai^  part  at  least,  was  in  difCerences  in  gauge  and 
output,  the  mills  producing  the  heavier  gauges  of  plates  rolling  them 
directly  from  ingots. 

For  the  production  of  muTersal  plates  the  average  company  or  book 
cost  of  fuel  was  $0.26  per  ton  for  the  part  of  the  production  rolled 
directly  from  ingots  and  $0.40  per  ton  of  plates  rolled  from  slabs. 
Natural  gas  was  used  principaUy  at  prices  of  $0,043  and  $0.12  per 
thousand  cubic  feet.  (See  p.  432.)  At  two  mills,  however,  coal 
was  used  for  heating,  and  the  price  at  which  it  was  used  included  a 
small  amount  of  intercompany  profit, 

The  cost  of  steam  was  considerably  more  for  that  part  of  the  Steel 
Corporation's  production  of  universal  plates  rolled  from  ingots  than 
for  the  production  rolled  from  slate.  Thus,  the  integration  cost  of 
steam  was  $0.73  per  ton  of  plates  rolled  directly  from  ingots  and  only 
$0.39  per  ton  of  plates  rolled  from  slabs.  Likewise,  the  other  items 
of  cost  above  material  were  somewhat  larger  per  ton  of  plates  rolled 
from  ingots  than  they  were  per  ton  of  plates  rolled  from  slabs. 

MiU  cost. — The  company  or  book  mill  cost  of  the  Steel  Corporation's 
production  of  universal  plates  in  1910  was  $22.79  per  ton  for  the  plates 
rolled  directly  from  basic  open-hearth  ingots,  $23.74  per  ton  for  those 
rolled  from  basic  open-hearth  slabs,  and  $25.97  per  ton  for  those  rolled 
from  mized  Bessemer  and  basic  open-hearth  slabs,  the  average  com- 
pany or  book  mill  cost  of  the  Corporation's  total  production  of  uni- 
versal plates  being  $23.77  per  ton.  The  above  company  or  book  costs 
included  large  items  of  intercompany  profit,  as  explained  already, 
amounting  to  $3.85  per  ton  on  the  plates  rolled  from  basic  open-hearth 
ii^ots,  $3.83  per  ton  on  the  plates  rolled  from  basic  open-hearth  slabs, 
and  $4.20  per  ton  on  the  platen  rolled  from  mixed  Bessemer  and  basic 
open-hearth  slabs.  For  the  total  production  of  plates  the  intercom- 
pany profit  averaged  $3.91  per  ton.  The  company  or  book  costs, 
integration  profits,  and  integration  costs,  stated  in  tabular  form,  are 
as  follows: 


.»... 

Company 
mOlCMt. 

2J.T* 
25.97 

K.es 

3.8S 

4.10 

23.77 

3.91 

The  above  integration  costs,  it  will  be  remembered,  exclude  any 
return  on  anterior  stages  of  production,  transportation,  and  manu- 
facture with  respect  to  the  materials  used  in  making  these  universal 

plates. 
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Moreover,  these  respective  costs  do  not  take  any  account  of  the 
additional  coste  of  general  expense  and  depreciation  which  appear 
in  the  profit  and  loss  accounts  of  the  producing  companies  and  which 
are  not  allocated  to  particular  products.  The  Bureau  did  not 
apportion  these  additional  costs  for  1910.  However,  an  additional 
cost  for  general  expense  and  depreciation  of  tl.80  per  ton  (including 
cumulative  charges  for  prior  stages  of  production)  is  probably  a  nor- 
mal figure.  (See  p.  374.)  Adding  this  assumed  normal  charge  to  the 
integration  mill  coat,  the  Steel  Corporation's  total  cost  of  universal 
plates  for  1910  would  be  $21.66  per  ton. 

Section  8.  Steel  Corporation's  integration  cost  of  heavy  strnctnral 
sliapes  tor  1910. 

Structural  shapes,  as  noted  elsewhere,  consist  of  I  beams,  channels, 
tees,  zees,  and  other  shapes  which  are  rolled  for  structural  purposes. 
Mention  has  already  been  made  of  the  range  in  size  and  weight  and 
the  method  of  rolling.     (See  p.  224.) 

The  total  production  of  structural  shapes  rolled  from  steel  in  the 
United  States  for  1910,  as  reported  by  the  American  Iron  and  Steel 
Association,  was  2,266,464  tons,  and  the  total  production  of  the  Steel 
Corporation  was  1,163,300  tons,  or  51.3  per  cent.  Of  the  Steel 
Corporation's  total  reported  production  of  1,163,300  tons  cost  data 
comprising  1,002,584  tons  are  given  in  the  following  table: 

Table  18«.— BTEEL  CORPORATION'S  MILL  COST  PER  QROBS  TON  OP  HEAVY  BTRrC- 
TDRAL  8HAPB8,AB  SHOWN  BY  PRODUCING  COMPANIES'  COST  SHEETS,  APPROXI- 
MATE INTERCOMPANY  PROFITS  INCLUDED  THEREIN,  AND  INTEORATION  MILL 
COST,  AS  SHOWN  BY  THE  RECORDS  OF  THE  CORPORATION,  FOB  IBIO. 
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book  cost. 
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to  Inreatment 
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3.77 
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of  genend  expense  and  depnohtloii  SboirD  cm 
eiCoa.    (Sea  p.  374.) 
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The  Steel  Corporation's  production  of  structural  shapes  covered 
by  tliis  cost  statement,  as  shown  above,  was  1,002,584  tons.  Approxi- 
mately 60  per  cent  of  this  total  was  rolled  in  the  Pittsburgh  district, 
17  per  cent  in  the  Chicago  district,  and  the  remainder  principally  in 
the  Eastern  district.  The  above  production  represented  the  output 
of  13  structural  milb  (at  six  plants),  or  an  average  annual  output  per 
mill  of  only  77,122  tons. 

Cost  of  matebial. — The  material  for  producing  the  above  struc- 
tural shapes  was  chiefly  basic  open-hearth  blooms.  Only  a  very 
small  proportion  of  the  total  material  used  was  Bessemer  steel,  a 
proportion  not  iai^e  enough  to  materially  affect  the  average  cost. 
The  cost  as  shown,  therefore,  may  be  considered  as  the  cost  of  struc- 
tural shapes  of  basic  open-hearth  quality. 

To  produce  the  above  tonnage  of  structural  shapes,  namely, 
1,002,584  tons,  there  were  used  1,187,218  tons  of  blooms,  or  1.18  tons 
per  ton  of  product. 

The  averse  company  or  book  cost  of  the  blooms  used  was  $20.94 
per  ton  of  structural  shapes.  This  company  or  book  coat  included, 
however,  as  shown  in  the  second  column  of  the  table,  a  large  item  of 
intercompany  profit  going  to  other  subsidiary  companies  which 
produced  or  transported  the  material  used,  liiis  profit  goes  back 
chiefly  through  ingots  and  pig  iron  to  the  raw  materials,  consisting 
of  transfer  profits  on  ore  and  coke  and  transportation  profits  on  ore. 
The  intercompany  profit  in  the  blooms  used  amounted  to  $3.75  per 
ton  of  structural  shapes,  corresponding  to  a  profit  in  the  price  of 
the  blooms  used  of  $3.61  per  ton.  As  it  required  more  than  1  ton 
of  blooms  to  produce  a  ton  of  structural  shapes,  the  intercompany 
profit  per  ton  of  product  was  increased. 

Deducting  the  intercompany  profit  of  $3.75  in  the  material  (blooms) 
from  the  company  or  book  cost  of  $20.94  gives  an  integration  cost  of 
blooms  used  per  ton  of  structural  shapes  of  $17.19.  As  noted  for 
other  products,  the  cost  of  the  blooms  used  p^y  ton  of  product  was 
determined  by  the  price  of  the  blooms  per  ton  and  the  net  cost  of 
waste  in  rolling.  Ilius,  the  integration  price  of  the  blooms  was 
$15.98  per  ton  and  the  net  cost  of  wast«  in  rolling  was  $1.21  per  ton, 
making  an  integration  cost  of  blooms  per  ton  of  structural  shapes 
of  $17.19,  as  noted  above.  As  already  stated,  it  required  1.18  gross 
tons  of  blooms,  or  2,653  pounds,  to  produce  a  gross  ton  of  structural 
shapes.  However,  there  were  recovered  388  pounds  of  scrap  per 
ton  of  product,  which  reduced  the  actual  loss  in  weight  to  25  pounds 
per  ton. 

Cost  above  mateeial. — The  company  or  book  cost  above  mate- 
rial in  the  production  of  structural  shapes  was  $3.63  per  ton.  This 
cost  included  small  intercompany  profit  items  amounting  to  $0.02 
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per  ton,  arising  principally  from  transfer  profit  on  the  fuel  used  for 
power  and  on  materials  used  in  the  manufacture  of  rolk. 

The  average  cost  of  the  moat  important  item  of  cost  above  mate- 
rial— that  of  labor — was  $1.77  per  ton.  As  repeatedly  stated,  the 
labor  cost  embraced  only  such  chaises  fpr  labor  as  were  classified  as 
such  tmder  the  accounting  system  of  the  Steel  Corporation,  i.  e.,  it 
embraced  all  forms  of  producing  labor,  including  the  wages  of  super- 
intendents, foremen,  clerks,  and  timekeepers,  as  well  as  labor  in 
repairs  and  mfuntenance.  There  were,  in  addition,  however,  con- 
siderable expenditures  for  labor  included  in  the  other  items  of  coet. 
Moreover,  the  cost  of  material  involved  a  lai^e  amount  of  labor  in 
preceding  stages  of  production. 

The  fuel  used  for  heating  was  lai^ly  natural  gaa,  and  the  price  at 
which  it  was  used  raided  from  $0,043  to  $0,139  per  thousand  cubic 
feet.  (See  p.  432.)  As  a  result,  the  average  cost  of  fuel,  namely, 
$0.19  per  ton,  was  not  large.  There  was  no  intercompany  profit  in 
the  natural  gas  used,  although  produced  by  subsidiary  companies  of 
the  Steel  Corporation. 

The  average  cost  of  steam  was  $0.43  per  ton.  Included  in  this  cost 
was  an  intercompany  profit  on  the  fuel  used  of  $0.01,  whicji  gives 
an  int^ration  cost  of  steam  of  $0.42  per  ton. 

The  cost  of  rolls  was  also  an  important  item  in  the  rolling  of  struc- 
tural shapes  on  account  of  the  complex  types  of  the  sections  pro- 
duced. This  cost  averaged  $0.34  per  ton.  As  the  rqlh  were  made 
lai^y  by  the  companies  themselves,  some  intercompany  profit 
accrued  on  the  materials  used.  This  intercompany  profit  amounted, 
however,  to  only  $0.01  per  ton. 

The  average  costs  of  materials  in  repairs  and  maintenance  and  of 
supphes  and  expense  were,  respectively,  $0.30  and  $0.60  i>er  ton. 

Mux  COST. — The  Steel  Corporation's  average  company  or  book 
mill  cost  of  heavy  structural  shapes  for  1910  was  $24.57  per  ton  and 
the  intercompany  profit  included  therein  was  $3.77  per  ton.  The 
mill  cost  was,  therefore,  reduced  from  $24.57  to  $20,80  per  ton.  This 
net  or  integration  cost,  it  should  be  remembered,  excludes  any  return 
on  anterior  stages  of  production,  transportation,  and  manufacture 
with  respect  to  the  materials  used  in  making  these  structural  shapes. 

Furthffl-more,  this  integration  mill  cost  of  $20.80  per  ton  does  not 
take  any  account  of  the  additional  costs  of  general  expense  and  depre- 
ciation, which  appear  in  the  profit  and  loss  accounts  of  the  producing 
companies  and  which  are  not  allocated  to  particular  products.  The 
Bureau  did  not  ascertain  these  additional  costs  for  1910,  as  repeatedly 
stated. 

A  fair  approximation  of  this  cost  (including  cumulative  chaises  for 
anterior  processes)  is  $1.70  per  ton.     (See  p.  374.)    The  addition  of 
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this  cost  bo  the  foregoing  integrated  mill  cost,  Qamely,  $20.80,  gives 
a  total  integrated  cost  of  heavy  structural  shapes  of  122.50  per  ton. 

Nmx.— A  faMon  In  Qa  cllmlnatlni  til  tmufer  jmHU  lor  til  isnluBti  dlKniBKl  la  tlili  dlrWoD  of  tba 
Kport  uid  goe  to  wUnli  kttenUon  k  apoiMllT  called  (beotoas  ths  Bunaa's  nutbod  u  applied  to  tha 
nvised  ooti  lix  ths  period  19CQ  to  190S  dlSan  &om  Uiat  ot  tba  Blial  Cofpantkni,  ta  the  treatment  ol 
■crap.    Tbe  tnoahi  ir  lolegratliKi  pnflt  Id  tba  on,  vcikt,  acnp,  ste.,  mar  ba  nBacdad  from  two  polnli 

The  flnt,  and  tha  0D«  adopted  b7  tlie  BoTMo,  VM  tbat  tba  proat,  ao  tc  ipcak,  pTDoeedad  dliecUr  lOcward 
vith  the  material  aa  it  waa  naed  in  eaah  anaoawlia  ataga  at  tlia  bnslnen  ontU  It  rcooliad  a  flniihadprodiiot. 

tcajiut  imallec  and  amallar  tonnagea  ol  pradnct  on  acooont  ol  tba  aucCBalTe  lednotlons  dus  to  tba 
waste,  tka  pnAt  p«r  toi  at  predaatwieiaawfly  Inaa—fl  In  a  oanwpsndiDK  d(«na.  Mooe  of  tha 
pruflt.tbanlei^inaoateaaabelaDglngtotbewaalamaterlalnoovaied— e.E.,»npfnuiBadft*ri.  nun 
ti,  thsaloi*,  a  lacnlac  and  eomeUnua  maAad  iDoraaa*  In  tlM  Inl^raQon  pioflt  pec  ton,  aooordlnc  to  tha 
peraenCage  of  vaila.  Ai  Ihe  scrap,  wMoh  la  ol  course  used  again,  does  not  carry  with  It  any  portion  ol  thla 
IntdfratlcHi  pra&t  (aooordlng  to  the  Bureau's  campataOons),  it  doea  not  contrtbate  to  tba  Ibtegiatlon  ^Dfit 
Id  tba  mataE^  a«id..wtuire  soch  scrap  1a  a^ded  to  theprljnary  matarlal.  as,  for  axunpla,  to  the  ore  in  the 
blast  huaaia,  ot  to  the  pig  IrsD  In  the  Besaamer  plaot  or  opeo-heaftb  f umaoe.  Fat  a  highly  Integrated 
Ileal  concara,  tbaralora,  tba  Bureau's  rantbod  tenda  to  glva  poadbly  a  slightly  tower  amoant  otinlegiatloa 
profit  for  the  pig  Iran  and  *  dlatlnctly  lover  Integration  proBt  lor  Ingots  Uian  would  otherwise  be  the  case. 
Couaeqnentty,  a  larger  Inctaasa  bi  Integratton  profit  per  ton  la  touod  between  bertaln  prodncta  (a.  g.,  ingot* 
and  rnUa)  than  !t  the  seoond  method  Were  used. 

Tbe  second  method,  which  Is  the  one  used  by  the  Bteel  Corporatloa,  Is  to  attribute  to  the  scrap  reoorered 
■  part  ot  the  accumulated  Integration  proflls  oontained  in  the  material  nsad  tor  each  partloolar  pnoess. 
This  cats  down,  oi  coune,  tbe  poitloD  of  this  inlegtatlDn  ptullt  going  Into  the  prodnct  In  questbn  by  a 
cotiespoDding  amount  and  consequeudy  Qie  ayerage  pa  ton  of  product.  Batthescrap,  of  course,  is  usod 
again  in  prior  processet  ot  produotloD  (and  somaUmes  in  the  same  process  In  the  case  of  steal  works):  that 
ISittaeaor^goeabackaltlierliitheblastiumecear  tothasteel  woifca.  Inesnutch  ai  l(  carrlea  with  It  that 
portion  of  tba  integration  profit  attributed  lo  It,  It  tends  to  Increase  the  hitegratiou  profit  In  the  pig  ton 
or  Ingots,  rcapecticely,  and,  benoe,  to  gtve  them  still  hl^r  Integration  proflts,  and  coaseqnently  lower 
integration  oosta.  in  paracnlaT,  it  may  be  noted,  It  tends  to  diminish  (he  dlOereacein  the,tntegTBtlui  proSl 
between  Ingots  and  the  heavy  products  rolled  Iheretrom. 

This  whole  subject  is  a  highly  teobnical  one,  and  chiefly  ot  interest,  perhaps,  to  the  accountant,  niua- 
trations  of  tbe  differences  In  the  effects  produced  by  tbeaa  two  methods  can  be  seen,  howerer,  by  com- 
paring  the  relaUve  dlDerences  in  the  integrstloD  profits  in  Bessemer  ingots  and  Bessemer  rails,  as  shown 
by  tha  Burean'a  oonipntatloiu  <of.  pp.  311  and  SIS),  with  the  relative  iMetencas  for  the  same  prodneli 
as  shown  by  tbe  Steel  Corporation's  flgura.    (Cf.  pp.  437  and  4111.) 

It  is  uimeceesary  to  discuss  ther^tlve  merits  stlbeee  two  systems,    tt  is  obvious  that  one  which  is  appli- 
csble  to  a  hi^ily  Integrated  conoam  like  the  Steel  Corporation  would  have  no  appUcatlon  at  all  (<i  one  which 
made  pig  Iron  only.    BuOh  oompaniM,  bowevM-,  were  oomptlied  In  tbe  liuieau's  cost  ayengos.    Uaiic^ 
the  brat  method  for  Che  Bureau  was  (o  use  that  which  it  actually  applied. 
77232°- 


n,s,t,..d:,i.  Google 


CHAPTER  XrX. 

SmoUST  OF  STEEL  COBPOBATIOH'S  nTTEGSATIOV  COSTS 
FOB  1910,  SXGLUDUrO  A5D  IXCLUDIHQ  TEAS8FOBTATZ0I 
PROFITS. 

Seotiou  1.  Introdnctory. 

The  integration  of  the  production  of  raw  msterials  and  manu- 
factured products  may  be  regarded  as  a  normal  condition  in  the  steel  : 
industry  at  the  present  time.    On  the  other  hand,  iixe  integration 
of  production  with  transportation  agencies  is  erceptdonal,  especially 
80  far  as  U'ansportation  by  raihroads  is  concerned.    A  number  of 
steel  companies,  however,  operate  their  own  ore  boats  on  the  Great 
Lakes.    Railroads  under  most  conditions  of  Uie  industry  could  not 
be  provided  by  each  int^rated  concern,  no  matter  how  large,  without  ; 
involving  waste  of  capital.    Thus  the  net  coats  arrived  at  by  eliminat-  i 
ing  transfer  profits  only  may  be  regarded  as  normal  for  large  iron  and  ; 
sted  companies.    The  Bureau  has  therefore  computed  the  Steel  j 
Corporation's  approximate  costs  for   1910,  eliminating  merely  the 
intermediate  transfer  profits  on  materials  passing  from  one  st^e  of  ! 
production  to  another.  i 

In  this  chapter  the  Steel  Corporation's  1910  int^ration  costs  as  pre-  I 
sented  in  the  five  preceding  chapters,  are  summarized,  and  for  most  of  i 
these  products  the  corresponding  approximate  costs  without  the  j 
deduction  of  transportation  profits  are  also  shown.  The  lattw  costs,  ! 
it  should  be  noted,  are  more  nearly  comparable  with  those  of  large 
integrated  independent  companies,  which  do  not  have  railroads,  than 
are  the  integratioii  costs  of  the  Steel  Corporation.  j 

As  elsewhere  noted  (seep.  372),  the  Steel  Oorporation's  integration 
costs  for  1910  are  exclusive,  not  only  of  all  intercompany  profits  with 
respect  to  materials  transferred  from  one  subsidiary  to  another,  but 
also  of  substantially  all  intercompany  profits  with  respect  to  trans- 
portation services  rendered  by  subsidiary  transportation  and  dock  j 
companies  in  the  handling  of  certain  of  its  own  materials.     The  prin-  I 
cipal  transportation  companies  from  which  the  Steel  Corporation  | 
derives  profits  from  the  shipment  of  raw  materials,  it  will  be  remem- 
bered, are  the  Duluth,  Missabe  &  Northern  Railway  and  the  Dxduth  I 
&  Iron  Range  Railroad,  connecting  the  Minnesota  ore  ranges  with 
upper  Lake  shipping  ports;  the  Pittsburgh  Steamship  Co.,  operating  I 
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bo&ts  on  the  Gieat  Lakes;  the  Bessemer  &  Lake  Erie  Railroad, 
connectmg  certain  ore  docks  on  Lake  Erie  with  the  Fittsbui^  mami- 
factnring  district;  and  the  Elgin,  Joliet  &  Eastern  Kailway  which 
connects  its  plants  in  the  Chicago  district  with  its  Lake  transportation 
and  with  tronk  lines  transporting  coke  from  eaotem  coke  districts. 
Of  the  dock  companies,  tlie  Pittsburgh  &  Conneaut  Dock  Co.  is  the 
most  important.  By  restoring  these  profits  to  the  integration  costs 
of  the  Steel  Corporation,  a  net  cost  ia  obtained  which  makes  prac- 
tically Ho  deduction  of  intercompany  transportation  profits. 

Section  2.  Snnuuary  of  Steel  Corporation's  iutegratioa  costs  ol  raw 
materials  and  principal  steel  prodnota  tor  1910. 
In  the  following  table  the  Steel  Corporation's  costs  for  1910,  as 
discuaeed  in  the  five  preceding  chapters,  are  summarized,  showing 
the  book  cost  of  the  seTeral  products  as  shown  by  the  records  of  the 
producing  companies,  the  intercompany  profits  included  therein,  and 
the  int^ration  costs.  The  total  cost  is  also  shown,  which  for  pig 
iron  and  subsequent  products  is  found  by  adding  to  the  book  cost 
and  integration  cost  Uie  assumed  normal  additional  costs  of  general 
I  and  depreciation.     (See  pp.  373-374) : 


TULX  ISS.-aUUltARY  OF  STEEL  CORFOTtATION'S  COSTS  FEB  OBOBB  TON>  OF  BFUCt 
FIBD  PBODOCTS,  AS  SHOWN  BY  FKODTTCraa  COMPANIES'  COST  SHEETS,  APFBOXfr 
HATE  INTERCOMPANY  PROFITS  1NCI.UDED  THEREIN.  AS  SHOWN  BY  THE  RECORDS 
or  THE  CORPORATION,  ASSUMED  NORMAL  ADDITIONAL  COSTS  OF  QEHEBAL  SX- 

'  PENSB  AND  DEPRECIATION,  AND  TOTAL  COSTS,  TOR  IRIO. 
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Tabu  Ut.— SUMMARY  OF  STEEL  CORFOBATION'3  COSTS  PBB  OBOSS  TON)  OF  BFEH 
■    PIED  PRODUCTS.  AS  SHOWN  BY  PRODUCINQ  COlf PANIES'  COST  SHEETS,  APPBOXl- 
HATE  IKTEKCOMPANY  PROFITS IWCLUDED  THEBEIW,  AS  SHOWN  BY  THERECORrS 
or  THS  CORPORATIOM,  ASSUMED  NORMAL  ADDITIONAL  COSTS  OF  QEOIUIAL  EX- 
PENSE AND  DEPRECIATION,  AND  TOTAL  COSTS,  FOR  IMO—Contlaoed. 


^  opeii-heartb  (Nortbecn)... 
alo  open'JHaiUi  (SouUwcd)... 
IdopecbAMnii 


B«b1o  (^en-besTth. . . 


FromUoanB... 

From  largB  bulel 

Buic  c^ieD-hearth— 


Bulo  opeaJwanh  (Northern).. 
Bulo  open-^WMtb  (Soutbem).. 
Platn: 

ehsarad 


From  baslG  epen-heartb  Ingots 
From  basic  open-ltearth  slaba 
From  mixed  Beasemsi  and 

bask  DpeD-bearth  slatn 

Btmotonl  abaps],  ba^  open-hesrtli. . 


'  Eiceptlng  soke,  vhloh  t>  In  net  Ions. 

'E»dual»*  of  any  relum  to  InTestnient  od  any  anterior  stage  or  producUon  ot  tnnaportatlon. 

The  Steel  Corporation's  intercompany  profit  in  total  Lake  ore  of 
$0.48  per  ton  was  derived  entirely  from  transportation,  while  the  inh'T- 
company  profit  of  $0.34  per  ton  of  by-product  coke  was  derived 
entirely  from  transfer  of  material  (coal).  In  pig  iron  the  intercom- 
pany profits,  of  course,  involved  profits  from  both  transportation  and 
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bwnsfer  of  raw  materials.  The  intercompaDy  prt^ta  from  the  transfer 
of  raw  materials,  it  will  be  remembered,  were  almost  entirely  from. 
the  transfer  of  ore  and  coke.  In  ingota  and  rolled  products  the  intei^ 
company  profits  in  the  company  or  book  cost  were,  in  the  main,  the 
same  profits  as  contained  in  the  pig  iron.  That  is,  pig  iron  and  partly 
finished  products  were,  as  a  rule,  b'ansferred  from  one  stage  of  pro- 
duction to  aQother  at  book  cost.  The  amounts  of  intercompany  profit 
per  ton  in  the  finished  or  partly  finished  products,  however,  were 
increased  on  account  of  the  loss  of  material  in  conversion. 

Section  8.  Steel  Corporation's  net  costs  et  principal  iron  and  steel 
products,  without  deduction  of  transportation  profits,  tor  1910. 
The  following  table  shows  the  Steel  Corporation's  1910  company  or 
book  costs  of  principal  iron  and  steel  products,  as  shown  by  the  records 
of  the  producing  companies,  the  assumed  normal  additional  coats  of 
general  expense  and  depreciation,  the  total  company  or  book  costs, 
the  approximate  intercompany  transfer  profits  included  therein  (but 
not  transportation  profits),  and  the  approximate  total  net  costs, 
deducting  transfer  profits  only  from  book  costs. 

Tabli  188.— BTEEL  CORPORATION'S  COSTS  PER  OKOSB  TON  Or  BPECIFIED  PBODUOTB, 
A9  SHOWN  BY  PBODtTClNO  COMPANIES'  COST  ■SHEETS,  AND  COBKESPONDnJO 
COSTS  DEI>CCTINO  APPROXIMATE  mTERCOMP ANY  TEANSFER  PROFITS,  FOR  WW. 


Pig  Icon: 

Beffiemer 

Basic  (NorUiBra)...! 

Besumer  bOlet 

BeraenuT  rail 

Basic  open-beanh  (Nortlieni) . . . 


Large  billets: 

Bessemer ., 

SB^opeTi.bearth... 

Heavy  atandsrd  raOa: 

Basic  opeu-besrtli  (Ntotbem) . . 
PlaWs,  sheared,  baste  open-hearth.. 
Btnicniral  abapea,  basla  open-beartt 


.  2,gi4,SSl 
242,720 


iJ.se 

19.9} 

34.  eg 

23.70 


1  A  small  part  ol  the  total  (nteroampany  trsnsportatloii  profit,  as  computed  by  the  Bteel  Corporation, 
is  included  Id  the  intercompaay  pioflt,  as  shown  In  the  table,  and  the  net  eost,  u  compQted  by  the  Bureau, 
b  therefore  too  low  by  a  ooiresponding  amount,  which  would  be  about  tO.06  per  ton  for  pig  iron,  and 
about  the  same  ftir  steel  prodocta. 
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The  Bureau  in  computing  the  approximate  net  costs  of  the  pro- 
ducts, as  shown  by  the  precedmg  table,  restored  to  the  int^ratios 
costs  of  the  Steel  Corporation,  as  shown  in  the  preceding  section, 
the  amounts  of  intercompany  transportation  profits  in  ore  at  lower 
Lake  ports,  and  the  profits  on  the  transportst^on  of  ore  below  the 
Lakes,  as  shown  by  the  records  of  the  Steel  Corporation.  Certain 
small  transportation  profits  on  ore  and  coke  for  the  Mgin,  Joliet  & 
Eastern  Railway  were  not  restored.  The  intercompany  profits  in  rail 
and  Lake  transportation  in  ore  at  lower  Lake  ports  for  1910  were  $0.60 
per  ton  of  Bessemer  ore  and  $0.45  per  ton  of  non-Bessemer  ore.  The 
corresponding  rates  for  the  year  lOOd  for  Bessemer  ore  were  $0.47 
per  ton  and  for  non-Bessemer  ore,  $0.45.  The  intercompany  trans- 
portation profits  from  the  Bessemer  &  Lake  Erie  Railroad  and  the 
Pittsburgh  &Conneaut  Dock  Co.  during  the  year  1910  were  26.6  cents 
per  ton  of  ore.  Of  this  amount  16  cents  per  ton  was  from  the  Bes- 
semer &  Lake  Erie  Railroad  and  10.6  cents  per  ton  from  the  Pitts- 
burgh &  Conneaut  Dock  Co.  The  profits  of  the  Bessemer  &  Lake 
Erie  Railroad  and  the  Pittsburgh  &  Conneaut  Dock  Co.,  however, 
apphed  to  only  a  part  of  the  ore  used  in  the  Pittsbui^h  district. 

The  company  or  book  cost  of  Bessemer  pig  iron,  as  shown  by  the 
records  of  the  companies,  included  profits  from  transfers  of  material 
of  about  $3.18  per  ton,  and  from  transportation  of  material  of  about 
$1  per  ton,  while  the  corresponding  cost  of  basic  pig  iron  included 
transfer  profits  of  about  $1.98  per  ton  and  transportation  profits  of 
about  $1.13  per  ton.  There  was  no  additional  transportation  profit 
beyond  the  stage  of  pig  iron  production. 

The  total  net  cost  of  the  Steel  Corporation's  production  of  pig  iron 
in  1910,  deducting  transfer  profits  only  from  book  cost,  was  $11.21  per 
ton  of  Bessemer  pig  iron  and  $11.72  per  ton  of  Northern  basic  pig 
iron.  I>educting  transfer  profits  only,  the  Steel  Corporation's  approxi- 
mate net  cost  of  Bessemer  billet  ingots  was  $13.79  per  ton,  of  laige 
Bessemer  billets  $15.45  per  ton,  and  of  Bessemer  standard  r^ 
117.82  per  ton.  On  the  same  basis,  the  approximate  total  net  coat 
of  basic  open-hearth  ingots  was  $15.71  per  ton,  of  large  basic  open- 
hearth  billets  $18.37  per  ton,  of  basic  open-hearth  standard  raib  at 
Northern  mills  $19.95  per  ton,  of  open-hearth  sheared  plates  $24.98 
per  ton,  and  of  open-hearth  structural  shapes  $23.70  per  ton.  j 
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CHAPTER  XX 
nrTBODUCTIOH  TO  DrVXSTiaiVT  AHD  fboht. 

Section  1.  Purpose  and  scope  of  Bnrean's  compntations. 

Afl  repeatedly  pointed  out,  the  mere  statement  of  costs  of  produc- 
liou,  whether  before  or  after  the  elimination  of  intercompany  profits, 
is  of  very  little  value  in  judging  the  reasonablenesB  of  prices  or  profits 
by  products,  without  first  obtaining  a  more  or  less  definite  idea  of  the 
investment  employed  or  required  in  the  business.  If  the  conditions 
and  prices  throughout  the  entire  industry  were  competitive,  and  the 
transfer  prices  of  ore,  coke,  and  other  materials  of  an  integrated 
concern  were  never  charged  into  the  next  succeeding  process  at  more 
than  the  open-market  price,  the  margin  between  the  final  cost  so 
obtained  and  the  selling  price  would  be  of  some  service.  When, 
however,  arbitrary  transfer  or  noncompetitive  market  prices  are 
used,  the  margin  between  such  cost  and  the  selling  price  has  no 
presumptive  claim  to  be  the  real  mai^in  of  profit.  On  the  other 
hand,  when  all  intermediate .  profits  are  eliminated,  the  margin 
"between  such  a  net  cost  and  the  selling  price  must  cover  a  number  of 
different  stages  of  production,  and  before  judging  whether  this 
margin  is  reasonable  or  not  it  is  necessary  to  measure  the  investment 
needed. 

The  Bureau  has  not  entered  into  an  exhaustive  study  of  costs  and 
profits  in  relation  to  investment,  but  some  data  for  a  few  of  the  more 
important  steel  products  are  presented  in  order  to  afford  an  approx- 
imate idea  of  the  investment  required  and  of  the  significance  of  the 
cost  statements  already  discussed.  The  data  presented  relate  to 
Lake  iron  ore,  Bessemer  pig  iron,  Bessemer  steel  rails,  large  Besse- 
mer billets,  open-hearth  plates,  and  open-hearth  structural  shapes. 
The  computations  for  iron  and  steel  products  are  based  on  plants 
assumed  to  use  Lake-Superior  ores  and  chiefly  ConnellsviUe  coke. 

The  results  in  some  cases  are  presented  in  the  form  of  rangps 
instead  of  averages.  Owing  to  the  important  influence  of  differences 
in  investment  and  in  volume  of  production  upon  average  figures  of 
investment  per  ton,  there  are  certain  advantages  in  using  a  range, 
especially  where  the  results  for  several  companies  are  combined. 

In  preparing  these  statements  the  Bureau  utilized  extensive  data 
furnished  by  various  manufacturing  concerns  regarding  the  invest- 
ment in  blast  furnaces,  Bessemer  steel  works,  open-hearth  furnaces, 
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blooming  and  slabbing  mills,  rail  Dulls,  billet  mills,  plate  mill  a, 
structural  mills,  and  accessory  plants  and  equipment.  The  statemeate 
presented  are  fair  and  substantially  reliable  for  the  conclusions 
reached.  In  the  case  of  the  raw  materials — iron  ore,  coal,  and  coke — 
the  Bureau  utilized  its  own  estimates  of  the  average  investment  and 
is  of  the  opinion  that  the  results  obtained  are  more  reliable  than 
would  have  been  secured  had  it  used  the  valuations  as  shown  by  the 
property  accounts  of  the  producing  or  manufacturing  companies. 

Section  2.  Prodacts  and  periodjB  considered. 

The  discussion  of  the  investment  in  raw  materials  and  manufac- 
turing plants  and  the  rate  of  profit  thereon  is  divided  into  tliree 
chapters, 

(1)  The  investment  and  rates  of  profit  in  the  production  of  Lake 
ore  is  shown  for  the  five-year  period,  1902  to  1906,  and  for  I9I0. 

The  investment  in  Lake  ore  is  based  on  the  Bureau's  estimates  of 
the  average  investment  for  ore  in  the  ground  and  mining  improve- 
ments at  the  time  of  the  organization  of  the  Steel  Corporation,  as 
determined  by  the  Bureau,  the  details  of  which  have  been  published 
in  Part  I.  The  rates  of  profit  on  investment  are  computed,  first,  for 
the  five-year  period,  1902  to  1906,  for  mining  companies  in  general, 
based  on  the  averse  profits  per  ton  of  Lake  ore  for  a  large  propor^ 
tion  of  the  total  output  during  this  period.  Due  allowance  is  maJe 
for  the  investment  in  working  capital  required  to  operate  the  mines. 
Second,  the  investment  and  rate  of  profit  on  ore  for  the  Steel  Corpo- 
ration are  computed  for  the  year  1910.  The  investment  is  based  on 
the  Bureau's  estimate  of  the  original  investment  of  the  Steel  Corpo- 
ration in  Lake  ore  properties,  with  the  net  additions  made  to  such 
properties  during  the  years  1901  to  1910,  inclusive,  due  allowance 
being  made,  also,  for  the  average  investment  in  working  capital. 
This  investment  is  compared  with  the  profits  of  the  subsidiary  ore- 
mining  company  of  the  Steel  Corporation  in  1910. 

Furthermore,  in  the  case  of  the  Steel  Corporation,  both  for  the 
five-year  period  1902  to  1906  and  for  1910,  the  investment  in  ore 
transportation  facilities,  including  working  capital,  is  shown  for  the 
carriage  of  ore  from  the  mines  to  lower  Lake  ports.  The  rates  of 
profit  on  the  carriage  of  such  ore  are  compared  with  the  investment 
in  these  transportation  facilities.  The  rate  of  profit  on  investment  in 
the  transportation  of  ore  on  the  Great  Lakes  is  also  shown  for  1910. 

On  account  of  the  peculiar  significance  of  the  profits  relating  to 
the  production  and  transportation  of  this  fundamental  natural  re- 
source, the  relations  of  these  profits  in  ore  mining  and  ore  trans- 
portation to  the  manufactured  products  and  to  the  conditions  (A 
competition  are  made  a  matter  of  special  discussion. 
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(2)  The  inTestment  by  products  and  ratee  of  profit  thereon  for 
manufacturing  companies,  fully  integrated  with  respect  to  the  pro- 
duction of  raw  materials  and  the  manufacture  of  iron  and  steel 
products  are  computed  for  the  fiye-year  period  1902  to  1906. 

The  products  for  which  such  estimates  of  profit  are  made  are 
Bessemer  pig  iron,  large  Bessemer  billets,  and  Bessemer  steel  rails. 
Investment  is  based  on  the  estimates  of  average  investment  in  raw- 
material  properties  and  manufacturing  plants  at  that  time,  with 
proper  allowance  for  requirements  of  working  capital.  The  profit 
used  is  the  mai^;in  between  the  average  net  coat  and  the  average 
proceeds  per  ton  for  the  respective  products. 

(3)  The  investment  by  products  and  ratee  of  profit  th^von  for 
Hhe  Steel  Corporation  in  1910  are  computed  in  a  Mmilar  manner, 
including  the  investment  and  profit  of  the  Steel  Corporation  in 
transportation  fa«ilities. 

The  manufactured  products  for  which  these  computations  are  made 
are  Bessemei'  pig  iron,  large  Bessemer  billets,  Bessemer  steel  rails, 
open-hearth  plates,  and  open-hearth  structural  shapes.  The  entire 
investment  of  the  Steel  Corporation  per  ton  of  product  is  taken. 
The  profit  used  is  the  mai^;in  between  the  average  net  cost  and  the 
average  proceeds  per  ton  for  the  respective  products. 
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CHAPTER  XXr. 

XW£STHEHT  AFD  FBOFIT  IK  LAKE  OBE  HINIF&  AHS 
TBANSPOETATION,  AND  BEIATIOITS  TO  COST  OF  STEEL 
FBODTTCTS  AVD  TO  COVDITIOVS  OF  COKPETITIOIT. 

Section  1.  Importance  of  ore  profits. 

It  19  necessary  to  point  out  at  the  beginning  one  vitally  important 
factor  in  the  ore  situation,  namely,  the  bearing  of  ore  costs  and  ore 
profits  upon  costs  and  profits  for  succeeding  producta.  It  has  already 
been  repeatedly  shown  that  the  cost  of  raw  materials,  and  particularly 
the  cost  of  ore,  is  a  factor  of  cumulatively  increasing  significance  in 
the  successive  stages  of  iron  and  steel  manufacture.  This  is  due  to 
the  fact  that  about  2  tons  of  Lake  ore  are  required  to  make  a  ton 
of  pig  iron,  and,  in  turn,  that  in  the  conversion  of  pig  iron  into  steel 
there  is  some  waste,  and  so  on  througl^  the  successive  processes.  If, 
therefore,  the  profit  on  ore  itself  be  unreasonable,  it  is  obvious  that 
this  factor  becomes  increasin^y  important  in  relation  to  the  costs 
and  prices  of  finished  iron  and  steel  products. 

It  is  possible  that  finished  products  might  be  sold  under  keen 
competition  at  prices  so  low  that  unreasonable  antecedent  profits  of 
an  integrated  concern  on  ore  would  be  neutralized.  But  if  the  price 
of  a  finished  product  as  compared  with  book  cost  is  sufficient  to 
leave  a  reasonable  margin  for  the  investment,  that  margin  may  prove 
to  be  grossly  excessive  when  the  unduly  lai^e  antecedent  profits  on 
ore  (or  any  other  material)  are  taken  account  of.  This  considera- 
tion assumes  greater  importance  because  of  the  fact  that  prices  of 
iron  and  steel  products  have  not  been  established  always  by  free  and 
natural  competitive  conditions,  but  on  the  contrary  have,  to  a  lai^e 
extent,  been  controlled  by  price  agreements  and  understandings  of 
a  more  or  less  formal  character. 

It  is,  therefore,  important  to  point  out  here  that  excessive  profits 
on  ore  have  a  very  great  significance  to  steel-making  concerns  which 
purchase  their  ore  instead  of  producing  it.  Obviously,  if  the  price 
of  ore  at  lower  Lake  ports  is  kept  at  a  figure  which  includes  an  undue 
profit,  it  tends  to  handicap  competition  by  forcing  those  iron  and 
steel  concerns  which  do  not  produce  their  own  supply  to  pay  excessive 
prices  for  this  principal  raw  material,  and  thus  reduces  their  efficiency 
as  competitors  in  the  steel  market. 
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It  is  highly  importaDt,  therefore,  to  determine,  if  only  in  an  ^prozi- 
nuitdsway,  whether  the  profit  on  ore  has  been  in  excess  of  a  reas^mable 
,pEo4^  This  comparison  will  he  made  first,  for  ore  profits  and  invest- 
numt  f or  the  five-year  period  1902  to  1906  for  ore  mining  in  gmeral, 
and.second,  for  1910,  for  the  Steel  Corporation  alone. 

Section  2.  Ore  proflta  and  inveitinaKt,  1902  to  1906. 

In  this  comparison  it  is  desirable  to  refer  at  first  only  to  the  trans- 
fer profits  on  ore,  and  not  to  both  the  transfer  and  transportation 
profits  combined,  since  the  latter  vere  obtained  chiefly  by  only  one 
concern— the  Steel  Corporation. 

As  already  ahown,  the  average  cost  (without  deducting  anything 
for  transportation  profit)  of  Lake  ore  delivered  at  lower  Lake  ports, 
as  shown  by  the  profit  and  loss  statements  for  the  period  1902  to 
1906,  was  $2.67  per  ton.  (See  Table  10,  p.  53.)  The  average  profit 
on  this  ore,  as  shown  by  these  statements,  was  $0.66  per  ton.  This 
alone  is  very  su^estive  of  an  abnormal  profit.  However,  a  fairer 
comparison  is  to  contrast  this  profit,  not  with  the  cost  at  lower  Lake 
ports  which  included,  on  the  average,  $1.41  of  rail  and  Lake  freight, 
but  with  the  mine  cost  plus  certain  genera!  charges  which  tt^ther 
aggregated  $1 .23 '  (see  Table  3,  p.  34) .  It  will  be  seen  that  the  profit 
of  $0.66  per  ton  was  over  53  per  cent  of  the  mine  cost,  including  gen- 
eral charges.  Of  course,  the  true  significance  of  profits  can  not  be 
determined  from  their  relation  to  costs,  but  must  be  compared  with 
investment.  Nevertheless,  such  a  rate  of  profit  per  ton  in  ordinary 
mining  is  a  rather  strong  indication  that  the  profits  were  excessive. 

The  real  test  is  obtained  by  comparing  this  profit  per  ton  with  the 
investment  per  ton  in  ore  property. 

COHPARISON    OP    PROFIT   ON    OBE    WITH    INVESTMENT. — As    a  first 

step  it  is  necessary  to  determine  upon  the  investment  required  to 
produce  a  ton  of  ore  in  the  Lake  region.  Taking  first  the  invest- 
ment of  the  Steel  Corporation,  it  will  be  recalled  that  in  Part  I  the 
value  of  the  Steel  Corporation's  ore  property  in  1901,  including  the  im- 
provements, was  computed  by  the  Bureau  (on  a  hberal  basis  through- 
out) at  $100,000,000,  and  that,  accepting  this  as  the  equivalent  of  the 
investment  at  that  time  and  adding  the  subsequent  investment  in 
Lake-ore  property,  there  was  obtained  a  total  investment  (not  valua- 
tion) at  the  close  of  1910  of,  roughly,  $134,000,000.  The  average  in- 
vestment for  the  ten-year  period  on  this  basis  was  $116,807,884.  The 
Steel  Corporation's  average  annual  production  of  Lake  ore  for  this 
period  was  17,648,889  tons.  This  gives  an  average  ore  investment  in 
fixed  property  per  ton  of  ore  produced  of  $6.62.  The  investment  in 
Working  capital  in  its  ore  mining  was  not  obtained  for  the  entire  period, 
but  from  data  for  the  years  1905  and  1910,  which  are  believed  to  be 

'  The  con  at  lower  IaIeb  ports,  u  shairc  b;  the  cost  sheets,  wu  12.64  per  ton. 
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repraaentative,  it  appears .  that  this  inTestmeat  was  approximately 
$1  per  ton.  On  Uiis  basis,  therefore,  tbe  total  inTcstment  of  the 
Steel  Corporation  in  I^e-ore  properties,  including  woiking  capital, 
per  ton  of  production  for  the  ten-year  period  may  therefore  be  esti- 
mated at  $7.50.  However,  the  average  inTeetment  of  S7.50  per  ton 
tiius  arrived  at  is  undoubtedly  in  exceee  of  a  necessary  or  normal 
investment. 

In  thefiist  place,  the  Bureau's  valuation  of  $100,000,000  for  the  Steel 
Corporation's  ore  property  in  1001  was  shown  to  have  been  computed 
on  a  very  liberal  basis  throughout,  and  could  easily  have  been  scaled 
down  somewhat.  Thus,  as  shown  on  page  232  of  Part  I,  Hie  Bureau's 
computations  pointed  to  a  venation  of  not  over  (90,000,000.  In- 
deed, this  figure  was  reached  only  after  very  Uberal  allowances  for  the 
value  of  both  fee  and  leasehold  property.  While,  on  accoimt  <rf,  the 
vast  figures  of  investment  there  dealt  with  and  because  only  a  rough 
comparison  of  investment  with  capitalization  was  then  attempted,  it 
was  deemed  proper  to  allow  a  round  $100,000,000  for  the  Steel  Coi^ 
poration's  ore  property,  it  does  not  follow  that  such  a  valuation 
should  he  accepted  in  the  present  more  particular  computations  of 
investment  per  ton  in  relation  to  definite  profits. 

A  second,  and  exceedingly  important,  factor  is  tiiat  the  Steel  Cor- 
poration has  imdoubtedly  adopted  a  policy  of  securing  control  of  an 
unnecessarily  large  amount  of  ore  property.  There  can  be  no  doubt 
that  as  the  iron  and  steel  industry  is  at  the  present  time  conducted 
the  acquisition  of  extensive  reserves  of  ore  by  steel  concerns  is  a  log- 
icai,  natural,  and  possibly  desirable  development.  This  means,  of 
coume,  that  thesasteel  companies  are  carrying  a  laige  amount  of  ore 
property  which  is  idle,  and  part  of  which  will  be  idle  for  many  yeara. 
However,  as  shown  in  Part  I  of  this  report,  a  disposition  was  clearly 
apparent  in  the  operations  of  the  Stoel  Corporation  to  acqiiire  unduly 
large  reserves.  This  was  evidenced  by  its  policy  from  the  very  b^in- 
n'ngi  and  particularly  by  its  lease  of  the  so-called  "Hill"  ore  prop- 
erties at  an  extraordinarily  high  royalty  and  under  onerous  conditions. 
This  view,  moreover,  is  strongly  confirmed  by  the  announcement  of 
the  Steel  Corporation  of  its  cancellation  of  this  lease,  effective  January 
1,  1915.  This  decision  was  made  at  the  end  of  1911,  after  the 
pubhcation  of  Part  I  of  the  Bureau's  report  on  the  Steel  Industry. 
However,  nothing  was  included  in  the  Bureau's  computation  in 
Part  I  of  the  investment  in  ore  property  for  this  Hill  lease  except  tot 
certain  development  expenditures,  nor  did  the  Steel  Corporation 
itself  add  anything  to  its  ore  investment  on  account  of  this  leasehold. 
But  aside  from  this  Hill  ore,  the  Steel  Corporation  at  the  close  of 
1910  had  fully  1,200,000,000  tons  of  other  ore  in  the  Lake  rf^on. 
This  would  be  equal  to  over  50  years'  supply  at  the  1910  rate  of  con- 
simiption.    While  the  increasing  demand  for  iron  and  steel  products 


■A'Oo^lc 


uttestmbnt  and  fbofit  in  luce  obb.  493 

in  this  country  would  point  to  an  increasing  rate  of  consumptioo,  it 
must  be  remembered  that  there  is  a  counteracting  tendency  of  con- 
siderable importance,  namely,  the  use  of  an  ever-increasing  stock  of 
scrap  iron  and  ateel  (which  is  more  valuable  than  ore  for  the  manu- 
facture of  iron  and  steel  products). 

There  can  be  little  doubt  that  any  such  enoimous  reservea  are  really  ' 
in  excess  of  what  the  Steel  Corporation  actiudly  requires  as  a  protec- 
tion for  its  investment  in  manufacturing  plants. 

This,  it  should  be  noted,  is  aside  from  the  queation  whether  it  is 
desirable  from  the  standpoint  of  public  policy  to  permit  any  one 
interest  to  secure  any  such  quantity  of  ore,  even  if  itsmanufacturing 
operations  mi^t  seem  to  require  it. 

However,  even  if  it  be  contended  that  this  is  no  more  than  a  rea- 
sonable reserve  for  the  Steel  Corporation  (although  the  Bureau  doee 
not  assent  to  this),  it  is  not  reasonable  to  argue  that  the  Steel  Cor- 
poratioD  is  j  ustified  in  earning  the  same  rate  of  profit  on  its  investment 
in  this  enormous  amount  of  idle  ore  property  that  it  would  be  justi- 
fied in  obtaining  on  the  manufacture  of  fimshed  materials  whN«  its 
capital  was  actively  employed.  Instead,  it  might  fairly  be  contended 
that  the  Steel  CorporatioD  should  not  expect  to  earn  on  the  nonpro- 
ductive portion  of  its  ore  reserves  much  more  than  the  actual  cost 
of  carryii^  them,  and  perhaps  no  return  at  all. 

A  special  reason  for  this  is  that  inasmuch  as  the  Lake  iron  ore 
deposits  are  the  choicest  in  the  country  there  is  a  strong  probability, 
provided  present  conditions  of  concentrated  control  are  permitted, 
that  in  tbe  future  the  ore  in  that  region  will  have  an  enhanced  value, 
which  value  will  laigely  accrue  to  the  steel  companies  that  control 
the  bulk  of  this  property.  In  other  words,  if  a  company  is  allowed  to 
speculate  in  ore  reserves,  it  ought  to  rely  on  such  speculative  increase 
in  value  to  yield  a  return  for  carrying  these  properties  through  the  non- 
productive period.  It  is  not  reasonable  or  proper  that  a  high  return 
should  be  earned  on  these  reserves  held  by  large  companies  while 
they  remain  undeveloped.  This  is  the  ordinary  principle  underlying 
the  speculative  holding  of  a  natural  resource. 

Finally,  it  should  be  kept  in  mind  that  any  valuations  placed  upt  n 
the  Steel  Corporation's  ore  property  in  1901  were  influenced  to  a  con- 
siderable extent  by  the  marked  concentration  of  control  of  ore  prop- 
erties and  of  combinations  in  price  making  which  had  taken  place 
prior  to  the  organization  of  the  Steel  Corporation.  In  other  words,  the 
1901  valuation  can  not  be  considered  by  any  means  as  representative 
either  of  the  investment  cost  or  of  the  '■ralue  of  the  same  ore  properties 
under  really  competitive  conditions  of  ownership  and  operation. 

For  these  various  reasons,  therefore,  it  is  certain  that  an  investment 
of  S7.50  per  ton  of  ore  produced  would  be  too  large  to  be  representttr- 
tive  of  normal  conditions  in  the  industry. 
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It  ntay  be  noted  in  thia  connection  t  h&t  a  compuison  of  the  balance- 
sheet  valuations  and  ore  production  about  the  jeaxs  1905  and  1906, 
tor  several  smaller  concerns  wHh  an  aggregate  annual  production  of, 
roughly,  3,650,000  tons,  indicated  an  averse  iuTeetioMit  in  fixed 
property  of  $2.76,  and  an  average  investment  in  working  capital  of 
S0.46i  or  a  total  of  $3.21  per  ton  of  ore  produced.  Since,  however, 
these  balance-sheet  valuations  are  not  themselves  conclusive  evidence 
of  value,  this  figure  can  not  be  accepted  without  reserve,  althou^ 
H  is  probably  much  nearer  a  reasonable  figure  than  the  indicated 
valuatioQ  of  $7.50  per  ton  for  the  Steel  Corporation  alone. 

On  the  basis  of,  say,  S3.25  per  ton  of  output  as  the  total  required 
investment  in  ore  property  for  a  representative  steel  concern  an  aver- 
age profit  of  $0.66  per  ton  would  amount  to  over  20  per  cent. 
■  Another  very  rough  indication  of  the  averse  investment  in  ore 
property  per  ton  of  production,  at  least  so  far  as  leased  mines  are  con- 
cerned, may  be  obtained  by  comparing  the  reported  bonus  payments 
for  a  number  of  leases  transferred  about  1902  with  the  production  of 
these  mines  in  1603.'  Such  an  averse  for  10  mines  shows  an  indi- 
cated investment  in  these  leaseholds,  per  ton  of  production,  of  $2.82. 
While  this  also  is  too  limited  &  basis  from  which  to  draw  final  conclu- 
sions, together  with  other  evidence  it  indicates  that  an  average  in- 
vestment in  leasehold  mimng  property  includii^  improvements,  of 
$3  per  ton  of  output,  might  be  sufficiently  liberal.  Adding,  say, 
$0.75  for  working  capital  would  give  a  total  investment  of  $3.75 
per  ton  of  production,  on  which  a  profit  of  $0.66  per  ton  would  be 
equal  to  17^  per  cent. 

In  Part  I  it  was  shown  that  the  maximum  price  for  fee  ore  in  the 
ground,  as  reported  to  the  Minnesota  Legislature  in  1909,  by  the 
delegation  from  St.  Louis  County  (in  which  county  the  great  bulk 
of  the  iron-ore  depoaita  of  Minnesota  are  located)  was  15  cents  per  ton. 
It  was  stated,  moreover,  that  this  was  the  highest  price  ascertained 
after  inquiry.  Various  records  are  available  showing  transfers  of  iron- 
ore  property  in  fee  from  1899  to  1902  at  prices  which  average  only  a 
very  few  cents  per  ton,  and  there  is  no  doubt  that  an  average  of  15 
cents  per  ton  for  a  large  and  representative  body  of  ore,  such  as  an 
ordinary  steel  concern  would  have,  would  be  excessive  even  for  the 
fee  ore.  It  would  undoubtedly  be  much  too  high  to  be  representa- 
tive of  the  average  leasehold  interest.  Prior  to  the  formation  of  the 
Steel  Corporation  and,  in  fact,  for  some  years  thereafter,  the  bonus 
values  for  desirable  leaseholds,  at  average  rates  of  royalty,  rarely 
equaled  5  cents  per  ton.  Assuming,  however,  that  the  averag>> 
investment  in  a  Ifuge  ore  property,  consisting  partly  of  fee  mines  and 

iId  1903  and  19M  tbe  aveiBge  boausea  paid  lor  ore  Imsm  iDr 
aiub  lower  than  <n  1902;  on  tb«  otlwc  band,  in  1M»  aad  ItOt,  Uw 
le  taleh  Di  hUher  Chan  la  IMl. 
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partly  of  leaseholds,  and  including  improvements,  would  be  as 
much  as  10  cents  per  ton,  and  reckoning  on  a  supply  equivalent  to 
30  years'  requirements  of  the  ste^  concern,  the  indicated  investm^it, 
rated  against  the  annual  production,  would  be  30  times  this  amount, 
or  $3  per  ton.  This  is  probably  a  liberal  computation.  An  averf^ 
of  $0.75  per  ton  for  working  capital  would  probably  be  suffici«at.  Qn 
this  basis  the  total  investment  would  be  $3.75  per  ton  of  production. 

The  foregoing  calculations  indicate,  therefore,  that  the  average 
investment  required  to  produce  a  ton  of  Lake  ore  for  a  concern 
carrying  a  30  years'  reserve  is  considerably  less  than  $5  per  ton.  On 
the  basis  of  S5  per  ton  an  awage  profit  of  {0.66  per  ton  would  be 
equal  to  about  13  per  cent.  On  the  basb  of  ti  per  ton  it  would  be 
equal  to  16}  per  ceot. 

Owing  to  the  uncertain  factors  in  the  problem,  instead  of  assuming 
a  definite  investment  per  ton  of  product,  the  amount  may  be  stated 
in  a  range,  namely,  from  $3.75  to  $5.50  per  ton.  This  estimate 
assumes  values  for  ore  in  the  ground,  including  improvements,  of  10 
cents  and  15  cents  per  ton,  respectively,  and  working  capital  require- 
ments of  $0.75  and  $1  per  ton  of  product,  respectively.  On  this  basis 
the  average  profit  of  $0.66  per  ton  would  range  from  12  to  IS  per 
cent  on  investment. 

An  average  profit  of  12  to  18  per  cent  over  a  five-year  period  is 
evidently  excessive.  Such  profits  in  an  ordinary  mining  business, 
especially  where  depreciation  charges  are  provided  in  costs  (and  in 
the  case  of  Lake  ore  costs  the  depreciation  charges  on  the  whole  are 
undoubtedly  high),  are  a  very  different  matter  from  a  profit  of  the 
same  rate  from  manufacturing.  The  Lake  ore  mining  business  taken 
collectively  was,  before  the  concentration  of  ownership  in  these 
natural  resources,  notoriously  one  of  poor  returns.  A  profit  of  12  to  18 
per  cent  in  the  Lake  Superior  ore-mining  business  under  competitive 
conditions  would  be  very  liberal  even  for  selected  and  well-located 
producing  mines.  A  profit  of  any  such  rate  for  a  very  large  part  of 
all  ore  property,  including  a  large  proportion  of  idle  ore  reserves,  is 
extraordinary.  On  the  investment  in  mines  actually  worked  the 
average  rate  of  profit  would,  of  course,  be  very  much  greater. 

An  average  rate  of  profit  of  12  to  18  per  cent  in  the  Lake  Superior 
ore  business  means,  therefore,,  that  while  carrying  vast  supplies  of 
ore  in  reserve  for  future  use  the  large  ore-producing  companies  (chiefly 
steel-making  concerns),  are,  nevertheless,  on  the  average  making  an 
exceedingly  liberal  rate  of  profit  on  their  entire  investment  in  such 
reserves  during  the  nonproductive  period,  whUe,  in  addition,  they 
may  secure  a  great  increase  in  profit  in  the  future  as  a  result  of  a 
probable  increase  of  ore  values  if  the  present  highly  concentrated 
control  of  ore  properties  is  allowed  to  continue. 
77232°— 13 84 
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COHPABISON    OF   INCBEASE    IN    LaEE    ORE    PRICES    WITH    IN0BE&3E 

IN  COSTS  OP  PRODUCTION. — There  can  be  no  question,  therefore,  that 
the  average  profit  of  10.66  per  ton  on  Lake  ore  shown  by  the  1902 
to  1906  avenge  figures,  presented  on  p^e  53,  is  far  in  excess  ot  what 
an  average  profit  would  be  under  ordinary  competitive  conditions, 
with  more  or  less  scattered  ownership  of  mining  property.  In  fact, 
nnder  auch  conditions  it  is  reasonably  certain  that  the  average  profit 
on  ore  for  the  Lake  region  as  a  whole  would  be  a  veiy  small  amount 
per  ton. 

Convincii^  evidence  that  the  present  profits  on  Lake  Superior  ore 
are  noncompetitive  as  well  as  excessive  is,  moreover,  afforded  by  a 
comparison  of  quoted  prices  of  ore  with  average  ore  costs  for  different 
periods.  While  such  a  comparison  can  not  be  r^arded  as  exact, 
owii^  to  the  fact  that  the  ore  for  which  costs  are  secured  may  not 
have  been  sold  at  the  average  prices,  nevertheless  in  the  case  of  Lake 
ore  the  base  price  has  been  in  the  main  so  uniform  for  particular 
seasons  that  such  a  comparison  is  of  great  value.  S6me  idea  of  the 
great  increase  in  ore  prices  since  the  era  of  great  consolidations  in  the  , 
iron  and  steel  industry  (1898  to  1901)  is  afforded  by  the  following  : 
BUimnaiy  of  average  quoted  prices  at  lower  Lake  ports  for  MesaU 
Bessemer  ore:  : 

1902-1906 J3.57 


Increaae 1.  28 

Per  cent  increaae 56 

It  is  impossible  to  present  comparative  lower  liake  ore  costs  going 
back  to  1898  for  any  considerable  number  of  mines  in  the  Mes&bi 
region.  Data  secured  for  two  very  important  mines  in  the  Mesabi 
district,  however,  show  an  average  cost  at  lower.  Lake  ports  (includ- 
ing full  transportation  charge)  for  the  years  1898  and  1899  of  $1.9S 
per  ton,  and  the  same  mines  show  ui  average  cost  for  the  period 
1902  to  1906  of  $2.30  per  ton,  an  increase  of  $0.32,  or  16  per  cent. 

It  will  be  seen,  therefore,  that  for  the  periods  compared  the  increase 
ID  the  price  of  Lake  Superior  ore  (56  per  cent)  was  altogether  out  of 
proportion  to  the  increase  in  the  cost  of  production  (16  per  cent). 
The  explanation  of  this  is  undoubtedly  to  be  found  in  large  part, 
first,  in  the  concentration  of  ownership  of  Lake  iron-ore  properties 
in  the  hands  of  a  very  few  concerns,  and  particularly  in  the  hands 
of  the  Steel  Corporation;  and,  second,  in  agreements  for  the  con- 
trol of  ore  prices.  It  may  be  stated  here,  moreover,  as  a  notorious 
and  incontrovertible  fact,  that  the  price  of  Lake  Superior  ore  during 
the  greater  part  of  the  period  1902  to  1906,  and  indeed  back  to  189S, 
has  been,  established  in  lai^e  measure  by  agreement  among  the  prin- 
cipal ore-producing  interests.     It  is  worth  pointing  out  that  in  the 
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only  year  When  there  was  a  conspicuoua  exception  to  this  rule,  namely, 
1904,  the  price  of  Mesabi  Bessemer  ore  fell  from  t4  in  the  preceding 
season  to  $2.87),  with  correeponding  reductions  in  the  price  of  Old 
Range  ores.  In  the  next  year  Mesabi  Bessemer  ore  was  quoted  at 
S3.50  per  ton,  in  1906  at  S4,  and  in  the  boom  of  1907  at  t4.75  per  ton. 
From  1908  to  1911,  inclusive,  these  base  prices  were  tO.50  lower  per 
ton  than  in  1907,  except  in  1910,  when  they  were  at  the  same  level. 

It  is  true  that  the  year  1904  was  a  year  of  depression  in  the  iron 
and  steel  industry,  and  that  inasmuch  as  this  depression  set  in  in 
the  latter  part  of  1903  it  probably  would  have  been  reflected  in  the 
ore  industry  even  if  the  producers'  agreement  had  not  been  aban- 
doned in  the  season  of  1904.  Nevertheless,  the  average  prices  for 
1904  were  by  no  means  unremunerative.  As  shown  in  the  table  on 
page  53,  the  total  average  profit  on  all  Lake  Superior  ore  brought 
down  from  mines  to  lower  Lake  porta  in  the  year  1904  was  $0.36 
per  ton.     This  can  by  no  means  be  considered  a  low  return. 

In  view  of  all  the  foregoing  evidence,  there  can  be  no  question  that 
the  average  profit  of  $0,66  per  ton  shown  for  Lake  Superior  ore  for 
the  period  1902  to  1906  was  very  largely  the  Vesult  of  artificial  con- 
ditions and  is  distinctly  in  excess  of  a  reasonable  profit  under  com- 
petitive conditions. 

Section  S.  Ore  profits  of  tke  Steel  Corporation  in  1910, 

The  profits  of  the  Oliver  Iron  Mining  Co.,  the  ore-mining  subsidiary 
of  the  Steel  Corporation,  were  very  much  higher  in  1910  than  the 
average'of  all  the  ore-mining  companies  reporting  to  the  Bureau  for 
the  five-year  period  1902  to  1906.  This  was  due  chiefly  to  the  fact 
that  the  prices  of  ore  for  1910  were  higher  than  for  any  of  the  five 
years,  1902  to  1906.  The  average  profit  of  the  Oliver  Iron  Mining 
Co.  in  1910  was  $1.30  per  ton  of  ore  (see  p.  389).  This  profit  was 
distributed  by  ranges  and  by  grades  of  ore,  as  follows: 
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The  corresponding  total  average  profit  of  the  Oliver  Iron  Mbing 
Co.  in  1909  was  considerably  lower,  namely,  $1.07  per  ton  of  ore. 
These  profits  do  not  include  any  transportation  profit  received  by 
aubaidiary  transportation  companies  of  ttie  Steel  Corporation.  Hiey 
are  Bimply  the  diff^ences  between  the  costs  of  mining  the  ore  and 
tramporting  it  to  lower  Lake  ports  at  going  rates  of  transportation. 
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and  th«  priceB  at  which  such  ore  was  sold  at  lower  Lake  ports  to  other 
mibeidiMy  oompanies  of  the  Steel  Corporation,  or  to  outeidess.  Tha 
ayerage  cost  of  die  ore  sold  or  tranaf  erred  by  the  Oltver  Iron  Mining  Co. 
in  1910  was  t2.S8  per  ton  at  lower  Lake  ports,  and  the  average  price 
received  was  t4.18.^  Reckoned  at  the  mine  (i.  e.,  deducting  trans- 
portation charges  of  S1.4d)  this  price  was  $2.69  per  ton;  the  average 
profit  thwefore  constituted  almost  one-half  the  average  price  at 

The  total  investment  of  the  Steel  Corporation  in  Lake  iron-ore 
propwty,  including  feo  mines,  leaseholds,  and  mine  improvements, 
on  December  31, 1910,  as  determined  hj  the  Bureau  in  Fart  I  of  tiiis 
*  report,  was  tl34,H5,450.  This  investment  figure,  it  wUl  be  recallsd, 
was  based  ofl  the  Bureau's  valuation  of  the  Ijake  ore  property  of  the 
Steel  Corporation  at  the  time  of  ita  formation  in  1901,  with  the  net 
additional  mvestments  made  from  1901  to  1910,  inclusive,  as  shown 
by  the  books  of  the  Steel  Corporation.  It  is,  of  course,  a  very  much 
lower  figure  of  total  investment  than  that  carried  by  the  Steel  Cor- 
poration on  its  own  books. 

The  production  of  Lake  ore  by  the  Steel  Corporation  in  1910  was 
28,264,516  tons.'  Dividing  the  above  figure  of  total  investment  in 
1910  by  this  tonnage  of  production  gives  an  investment  per  ton  of 
product  of  $5.77.  The  Steel  Corporation's  ore  property  comprised 
very  extensive  reserves  of  ore  compared  with  its  annual  rwpiirements 
on  the  1910  scale  of  production,  which,  as  already  explained  {see  p. 
492),  involved  a  larger  investment  than  could  be  reasonably  iised  in 
comparison  with  the  profits  earned  from  current  operations.  Aside 
frcKQ  several  hundred  million  tons  of  ore  reserves  acquired  under  the 
"Hill  lease,"  the  Steel  Corporation  had,  on  December  31, 1910,  fully 
1,200,000,000  tons  of  ore  in  the  Lake  region.  This  would  be  equiv- 
alent to  a  52-year  supply  on  the  basis  of  the  1910  rate  of  production. 
On  the  basis  of  a  30-year  supply,  which,  in  the  opinion  of  the  Bureau, 
is  very  Uberal  for  the  purpose  of  reckoning  profits,  it  is  estimated  that 
the  average  investment  was  not  over  $3.55  per  ton  of  product  in  ore 
property  and  improvements.  The  calculation  includes  in  the  invest- 
ment the  approxinLftte  amount  outstanding  for  mine  improvements 
in  1910. 

In  addition  to  this,  however,  the  OUver  Iron  Mining  Co.  had  a 
considerable  investment  in  working  capital.  The  net  investment  in 
working  capital  in  1910  was,  on  the  average,  about  $0.92  per  ton  of 
ore  produced.  Adding  this  amount  per  ton  to  the  estimated  average 
investment  per  ton  in  ore  property  and  improvements  gives  a  total 
investment  per  ton  of  product  of  $4.47. 

'  Tbe  transportatloTt  profit  included  in  tbe  price  Bvengtd  tO.W  per  ton.  but  thb  ma  not  nntted  bj 
Ihe  ais  mtnlni!  eompauy. 

leporfar  the  Steel  Corporetkii]  for  1910,  wUcb  dlSeis  aUglitlf  ftom 
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With  this  figure  (t4.47)  the  average  profit  per  too  of  ore  sold  in 
1910  <$].30)  may  be  compared,  which  indicates  a  rate  of  profit  on 
investment  of  29  per  cent. 

Such  a  rate  of  profit  is  of  great  significance  in  the  iron  and  steel 
mdustry,  because  thA  prices  which  yielded  such  profits  were  undoubt- 
edly exorbitant.  As  a  consequence,  the  book  costs  of  iron  and  steel 
products  were  greatly  enhanced.  The  importance  of  knowing  the- 
net  or  integration  costs  of  products  of  the  Steel  Corporation  is,  there- 
fore, clearly  evident.  Furthermore,  as  the  Oliver  Iron  Mining  Co. 
generally  sold  or  transferred  its  ore  to  other  subsidiary  companies  at 
prevailing  market  prices,  the  forgoing  estimate  of  its  rate  of  profit 
gives  some  indication  of  the  fact  that  exorbitantly  high  rates  of  profit 
were  also  obtained  by  merchant  ore  concerns  which  sold  their  ore  to 
pig-iron  producers. 

The  average  investment  in  ore  property,  exclusive  of  working  capi- 
tal, used  in  the  Bureau's  estimate  of  the  profit  of  the  Oliver  Iron 
Mining  Co.  in  1910,  as  given  above,  was  t3.55  per  ton  of  product. 
This  figure,  on  the  basis  of  a  30-year  term  of  ore  production,  is  equiv- 
alent to  f0.12  per  ton  of  ore  in  the  ground  for  the  Steel  Corporation 
in  1910.  In  its  computations  of  the  ore  investment  required  for  the 
products,  given  below  (see  pp.  526  and  617),  the  Bureau  has  used 
$0.12  per  ton  for  the  Steel  Corporation  in  1910  %nd  $0.10  to  $0.15 
per  ton  for  the  five-year  period  1902  to  1906. 

Undoubtedly,  10.15  per  ton  for  the  value  of  the  average  investment 
in  ore  in  the  ground  is  excessive  for  the  earlier  period,  while  $0.10  per 
ton  is  a  liberal  allowance. 

It  might  seem  at  first  sight,  however,  on  account  of  the  enhance- 
ment of  ore  values  since  1901,  that  $0.12  per  ton  for  ore  in  the  ground 
was  too  lowfor  the  Steel  Corporation  in  1910.  It  is  evident,  how- 
ever, that  this  was  not  the  case.  Between  1901  and  1907  the  Steel 
Corporation  acquired  many  ore  properties,  with  a^regate  ore  depos- 
its, probably  amounting  to  300,000,000  tons,  including  fee  and  lease- 
hold property,  at  a  total  cost  of  about  $19,000,000  for  the  ore,  exclu- 
sive of  expenditures  for  ore-mining  improvements.  This  figure  of 
300,000,000  tons,  however,  does  not  include  the  "Hill  ore,"  which 
comprised  an  equally  large  quantity.  Investment  cost  in  the  ore 
acquisitions  during  these  years  was,  therefore,  quit?  low  per  ton  of 
ore  in  the  ground.  The  reason  for  this  was  that  with  the  enhanced 
value  of  ore  the  new  leases  were  made  at  higher  rates  of  royalty' 
instead  of  by  paying  very  large  bonuses.  As  a  consequence,  the 
investment  cost  to  the  Steel  Corporation  was,  in  general,  compar- 
atively small.  For  the  same  reason  the  value  of  the  Steel  Corpora-  ' 
tion's  equity  in  this  new  ore  was  small  also.    In  the  case  of  the  "Hill 
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ore,"  as  shown  in  Part  I  of  this  report,  an  extortionate  rate  of  royalty 
was  fixed.  The  Steel  Corporation  made  no  investment,  except-in  so 
far  as  it  made  improvements  included  in  the  figure  given  above. 
The  Steel  Corporation  paid  this  high  royalty,  in  the  opinion  of  the 
Bureau  (see  Part  I,  p.  322),  in  order  to  obtain  control  of  this  ore  supply 
and  to  prevent  others  from  getting  it.  The  high  royalty  paid  was 
not  evidence  of  the  real  value  of  the  ore,  but  of  what  the  Steel  Cor- 
poration was  willing  to  pay  in  order  to  control  the  Lake  ore  business. 
In  any  case  the  very  fact  that  it  paid  such  excessively  h^h  royalty 
makes  it  evident  that  the  Steel  Corporation  had  no  equity  value 
whatever  in  this  leasehold.  Indeed,  this  leasehold  contract  should 
be  regarded  as  an  onerous  obligation,  ra*tber  than  an  additional  invest- 
ment. It  is  not  surprising,  therefore,  that  the  Steel  Corporation 
added  nothing  to  its  property  account  or  to  its  investment  by  reason 
of  the  "Hill  lease." 

It  b  true,  on  the  other  hand,  that  with  respect  to  the  fee  properties 
and  leaseholds  originally  acquired  by  the  Steel  Corporation,  the 
enhancement  in  the  value  of  Lake  ore  between  1901  and  1910  resulted 
in  a  considerable  appreciation  of  the  property  interests  of  the  Steel 
Corporation  therein.  Such  appreciation  is  not  a  part,  however,  of 
the  investment  of  the  Steel  Corporation,  and  therefore  is  not  included 
in  these  computations  of  investment  in  ore.  A  new  concern  entering 
the  ore-mming  business  at  the  present  time,  however,  would  be 
obl^ed,  probably,  to  pay  more  for  Lake  ore  deposits  than  the  invest- 
ment cost  in  1901. 

Section  4.  Effect  of  excessive  ore  profits  on  competitors  bnying  ore  in  , 
the  open  market.  I 

Just  how  muoh  of  the  average  profit  of  $0.66  per  ton  on  Lake  ore  ' 
above  shown  for  the  period  1902  to  1906  is  in  excess  of  a  reasonable 
profit  can  not,  of  course,  be  stated  in  the  absence  of  any  general 
agreement  as  to  what  is  a  reasonable  return  for  the  Lake  ore  business 
as  commonly  conducted,  nor  in  the  absence  of  more  definite  infor- 
mation.as  to  investment.  If,  however,  it  be  assimied  that  of  the 
total  profit  of  $0.66  per  ton  no  more  than  $0,25  per  ton  is  in  excess 
of  a  fair  profit,  this  becomes  a  matter  of  considerable  importance  in 
the  manufacture  of  iron  and  steel  products. 

For  the  period  1902  to  1906  it  required  on  the  average  1.86  gross 
tons  of  Lake'ores  (Bessemer  and  non-Bessemer)  to  produce  a  gross 
ton  of  pig  iron  for  the  Lake  ore-using  districts  collectively.    It  fol-  I 
lows  that  if  the  excess  of  profit  is  assumed  at  $0.25  per  ton  of  ore  it    I 
would  amount  to  $0.47  per  ton  in  the  book  cost  of  iron. 

Assuming  that  one-half  the  average  profit  was  in  excess  of  a  rea- 
sonable amount,  i.  e.,  $0.33,  this  would  amount  per  ton  of  pig  iron 
to  about  $0.61. 
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As  to  the  average  profit  on  ore  of  the  Steel  Corporation  in  1910, 
its  highly  excessive  character  is  obvious.  If  either  $0.40  or  S0.33 
per  ton  be  assumed  as  a  reasonable  profit  for  Lake  ore  mining  com- 
panies in  general,  then  it  is  evident  that  for  a  concern  situated  like 
the  Steel  Corporation  a  reasonable  margin  of  profit  should  be  even 
lower.  This  is. because  its  ore  business  lacks  some  of  the  chief  ele- 
ments of  ordinary  mining  risks  for  two  reasons:  First,  owing  to  the 
large  number  of  its  mining  operations,  the  ordinary  risks,  such  as 
pinching  out  of  ore  deposits,  water  in  mines,  accidents,  etc.,  are  so 
equalized  in  the  average  cost  that  variations  on  these  accounts  do 
not  seriously  affect  its  operations;  second,  owing  to  the  fact  that 
it  consumes  practioally  all  its  own  ore  and  has  an  assured  market 
for  its  output,  while  its  iron  and  steel  products  are  so  various  and 
are  sold  in  so  many  markets  that  it  is  always  able  to  do  a  large  part 
of  the  business.  It  is  true  that  for  some  iron  and  steel  products 
there  are  lai^  fluctuations  in  demand  between  years  of  great  indus- 
trial prosperity  and  years  of  industrial  depression,  but  there  is  never 
any  question  as  to  the  revival  of  the  iron  and  steel  business  after 
periods  of  depression,  since  its  products  are  fundamental  require- 
ments of  modem  industry,  transportation,  and  agriculture. 

Furthermore,  it  should  be  considered  that  the  Steel  Corporation 
occupies,  with  respect  to  iron  ore  and  various  steel  products,  a 
monopolistic  position,  and  that  it  is  of  great  public  concern,  there' 
fore,  that  the  profit  should  not  be  more  than  a  reasonable  one. 

It  is  obvious  that  excessive  profits  on  Lake  ore  tend  directly  to 
handicap  effective  competition  in  the  production  of  pig  iron  and 
steel  by  concerns  which  do  not  produce  their  requirements,  or  the 
bulk  of  their  requirements,  of  ore.  This  policy  of  maintaining 
high  prices  for  ore  tends,  in  other  words,  to  put  the  whole  iron  and 
steel  market  on  an  inflated  cost  and  price  basis  to  the  probable 
disadvantage  of  the  cohsumer  and  to  the  certain  disadvant^e  of 
the  smaU  nonintegrated  producer.  There  are  a  number  of  such 
producers,  especially  of  p%  iron,  and  the  fact  that  they  are  able 
to  exist  and  pay  prices  for  ore  which  return  any  such  rates  of 
profit  to  the  producer  is  an  indication  of  unreasonable  profits  on 
finished  iron  and  steel  products  by  at  least  some  steel  concerns 
which  produce  their  own  ore.  It  is  true  that  such  integrated  con- 
cerns do  not  sell  much  pig  iron  and  sell  very  little  crude  steel  on  the 
open  market,  and  it  is  conceivable  that  conditions  of  competition 
in  the  sale  of  finished  steel  products  might  be  such  that  these  exces- 
sive antecedent  profits  on  ore  would  largely  be  lost  as  the  result  of 
low-sale  prices  of  finished  products.  That  this  has  not  been  the  case 
in  general,  however,  is  clearly  indicated  by  the  profits  of  the  Steel 
Corporation  given  in  Part  I,  where  it  is  shown  that  the  average  rate 
of  profit  on  the  Steel  Corporation's  total  investment  (this  comparison 
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including  profits  &nd  inrestment  in  truisportalion)  was  12  per  cent 
for  the  ten-year  ^riod  1901  to  1010;  Any  such  rate  of  profit  for  a 
concern  handling  over  60  per  cent  of  the  steel  business  of  the  coun- 
try must  bo  considered  a  very  liberal  one.  Of  course,  for  particular 
products  where  unusual  conditions  of  competition  were  met  the 
results  might  depart  rather  widely  from  this  average. 

Section  S.  Effect  of  excessive  ora  profits  on  costs  and  profits  of  fin- 
ished steal  products. 

Quite  distinct  from  the  effect  of  excessive  ore  prices  in  handicap- 
ping competition  in  the  production  of  iron  and  steel  is  the  effect  of 
such  prices  upon  costs  and  profits  of  finished  iron  and  steel  products 
for  the  same  companies  that  produce  their  ore.  From  the  point  of 
view  of  the  consumer,  as  well  as  of  the  independent  iron  and  steel 
manufacturer,  an  excessive  profit  on  ore  is  an  important  matt^.  As 
already  shown,  $0.25  on  a  ton  of  ore  means  about  $0.47  in  «  ton  of 
pig  iron.  In  the  conversion  ot  pig  iron  into  steel  ingots  there  is  a 
cumulative  increase,  while  in  the  conversion  of  ingots  into  steel  rails 
there  would  be  a  further  cumulative  increase.  Starting,  therefore, 
on  the  assumption  that  the  excessive  amount  contained  in  this 
average  profit  of  $0.66  per  ton  for  Lake  ore  in  1902  to  1906  was  only 
$0.25  per  ton  of  ore,  this  excessive  profit  finally  becomes,  as  aresult 
cd  the  cumulative  process  just  described,  about  S0.55  in  a  ton  of 
steel  rails. 

For  the  Steel  Corporation  in  1910  the  same  assumption  that  more 
than  $0.40  per  ton  was  an  unreasonable  profit  may  be  made.  A 
profit  of  $0.40  per  ton  is  equivalent  to  9  per  cent  on  the  estimated 
ore  investment.  This  assumed  profit  per  ton  compared  with  the 
actual  profit  of  $1.30,  indicates  an  excessive  profit  of  $0.90,  and  the 
excessive  cost  of  pig  iron  resulting  therefrom  would  be  no  less 
than  $1.72  for  all  pig  iron  combined.  Or,  taking  the  two  principal 
grades  separately,  the  profit  for  Bessemer  ore,  namely,  $1.76  in  1910 
(see  p.  497),  would  be  excessive  by  $1.36, per  ton  of  ore,  which 
would  amount  to  $2.48  per  ton  of  Bessemer  pig  iron.  For  Bessemer 
rails,  this  excessive  profit  would  amount  to  $2.68  per  ton.  Simi- 
larly for  non-Bessemer  ore,  profits  of  $0.82  in  1910  (see  p.  497), 
would  be  excessive  by  $0.42  per  ton  of  ore,  which  would  amount  to 
$0.86  per  ton  of  basic  pig  iron. 

It  should  be  repeated  that  the  Bureau  in  these  computations  is 
not  attempting  to  say  to  just  what  extent  the  profit  in  question  is 
unreasonable,  but,  instead,  to  present  information  which  will  pomit 
of  individual  opinion  on  this  point  and  to  indicate  the  significance 
of  any  such  excessive  profit  in  the  succeeding  st^es  of  iron  and  steel 
manufacture. 
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Section  6.  Tnuuportation  proflta  on  Steel  Corporation'a  own  ore,  for 
1902-1906,  and  for  1910. 

Ore  railroads. — While  ore-mining  companies  generally  in  1902 
to  1906,  and  the  Steel  Corporation  in  particular  in  .1910,  made  large 
profits  on  the  sale  of  ore,  as  shown  above,  the  Steel  Corporation  in 
addition  made  lai^e  profits  from  the  transportation  of  ore,  particu- 
larly on  its  ore  railroads  in  the  Lake  ore  region.  For  the  period  1902 
to  1906  the  total  amounts  of  such  profits  have  been  shown  (see 
p.  327),  but  not  for  1910,  The  real  s^ificance  of  these  profits  is 
best  appreciated,  however,  by  a  comparison  of  the  profit  with  the 
investment,  and  the  determination  of  the  rate  of  return  thereon.    ■ 

For  the  two  railroads  on  the  Lake  ore  ranges,  namely,  the  Duluth 
&  Iron  Range  Railroad  and  the  Daluth,  Missabe  &  Northern  Railway, 
data  as  to  the  investment  in  physical  property  and  net  working  capital , 
compiled  from  reports  made  by  these  railroad  companies  to  the  Inter- 
state Comznerce  Commission  for  the  fiscal  years  ending  June  30,  may 
be  used  for  comparison  with  the  net  earnings  for  the  calendar  years 
is  question.  The  average  investment  for  the  five-year  period  1902 
to  1906,  and  the  investmient  in  1910,  were  as  follows: 
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The  investment  in  physical  property  is  based  on  the  data  reported 
as  to  cost-  of  road  and  equipment.  As  these  railroads  are  common 
carriers,  such  a  basis  for  this  part  of  the  investment  is  proper  for  the 
determination  of  rates  of  earnings. 

While  these  properties  were  not  used  exclusively  for  the  transporta- 
tion of  ore,  yet  ore  constituted  the  great  bulk  of  the  trafiSc.  Thus, 
for  the  five-year  period  1902  to  1906,  the  proportion  of  ore  earnings 
to  total  gross  earnings  was  83  per  cent  for  the  Duluth  &  Iron  Range 
and  89  per  cent  for  the  Duluth,  Missabe  &  Northern.  In  1910>  the 
percentages  of  earnings  from  ore  traffic  to  total  gross  earnitigs  were 
87  per  cent  and  90  per  cent,  respectively. 

The  average  net  earnings  of  these  railroads  by  calendar  years  for 
the  five-year  period  1902  to  1906  and  the  net  earnings  for  the  year 
1910,  were  as  follows: 
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Compuing  the  average  net  earnings  for  the  five-year  period  1902  to 
1906  with  the  average  investment  in  physical  property  and  net  work- 
ing capital  in  that  period  indicates  a  rate  of  profit  for  the  IXiluth  & 
Iron  Eauge  of  17.7  per  cent,  and  for  the  Duluth,  Miaaabe  &  Northern 
of  22  per  cent.  Similarly,  for  the  year  1910  the  indicated  rates  of 
profit  were  17.5  per  cent  and  22,9  per  cent,  respectively.  For  1910 
the  earnings  of  the  Duluth  Missabe  &  Northern  are  admittedly 
understated  on  account  of  slightly  excessive  depreciation  charges. 

The  averse  rates  of  profit  for  these  two  ore  railroads  were  un- 
doubtedly excessively  high,  especially  when  it  is  considered,  that 
these  roads  occupied  a  substantially  monopolistic  position  with 
respect  to  their  traffic  and  that  as  common  carriers  they  were  under 
obligation  to  charge  only  reasonable  rates. 

A  marked  reduction  in  the  rates  on  ore  was  made  in  191 1 '.  (See  p. 
606.) 

While  the  Steel  Corporation  obtained  lai^e  profits  also  from  certain 
ore  docks  at  lower  Lake  ports  and  from  certain  railways  carrying  ore 
from  lower  Lake  ports  to  its  manufacturing  plants,  particularly  the 
Bessemer  &  Lake  Erie  Railroad  running  from  Conneaut  to  the  Pitts- 
burgh district,  it  is  not  possible  to  segregate  these  ore  transportation 
profits  with  the  same  degree  of  accuracy  as  for  the  two  ore  railroads 
in  the  Lake  ore  region.  The  Steel  Corporation  does,  however,  segre- 
gate such  profits  with  respect  to  the  ore  docks,  the  Bessemer  &  Lake 
Erie  Ra)ln)ad  and  the  Elgin,  Jofiet  &  Extern  Railway  for  the  pur- 
pose of  computing  its  net  cost  of  iron  ore  at  the  furnace.  It  does  not 
attempt  to  segregate  the  profit  on  ore  for  the  Union:  Railroad  oper- 
ating in  the  Pittsburgh  district  nor  for  certain  smaller  railways. 
With  respect  to  the  latter,  however,  a  profit  on  ore  is  not  always 
earned,  as  their  operations  are  sometimes  conducted  at  a  loss.  In 
1910  the  profit  earned  on  ore  by  the  Pittsburgh  &  Conneaut  Dock  Co. 
and  the  Bessemer  &  Lake  Erie  Railroad  combined,  according  to  the 
books  of  the  Steel  Corporation,  was  about  11,600,000,  which  was 
equivalent  to  about  $0.27  per  ton  for  all  ore  received  by  the  plants 
served  by  these  two  facilities  in  that  year,  and  about  t0.08  per  ton 
on  the  basis  of  all  the  Lake  ore  consumed  in  the  manufacture  of  pig 
iron  by  the  Steel  Corporation  in  that  year. 

Lake  TEANSPOETATiON.—For  the  transportation  of  ore  on  the 
Great  Lakes  the  Steel  Corporation  operates  through  a  subsidiary 
company^the  Pittsburgh  Steamship.  Co,  To  indicate  the  rate  of 
profit  earned  in  this  branch  of  the  transportation  business,  it  will  be 
sufficient  to  give  the  investment  of  thb  company  in  the  year  1910, 
the  earnings  in  that  year,  and  the  rate  of  return  on  the  investment. 
The  conditions  during  the  five-year  period  1902  to  1906  were  sub- 
stantiaUv  similar. 
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About  90  per  cent  of  the  tonnage  carried  hy  this  company  in  its 
own  boats  was  ore.  The  rates  charged  hy  the  Pittsburgh  Steamsh^ 
Co.  for  the  transportation  of  ore  were  the  prevaiUng  rates  in  the 
business.  A  considerable  part  of  the  ore  required  by  the  Steel 
Corporation,  however,  was  brought  down  to  lower  Lake  ports,  not 
in  its  own  vessels  but  in  chartered  vessels.  The  working  capital  of 
the  Pittabui^h  Steamship  Co.  was  employed  partly  in  the  operation 
of  its  own  boats  and  partly  in  chartering  other  vessels  from  which 
some  profit  was  earned  by  the  Pittsburgh  Steamship  Co.,  but  in 
which  it  had  no  investment,  except  in  working  capital.  For 
iheae  reasons,  the  investmfflit  in  workii^  capital  whidi  should  he 
used  in  connection  with  the  determination  of  the  rate  Of  earnings 
from  the  operation  of  Lake  ore  vessels,  should  be  exclusive  of  such 
working  capital  as  was  employed  for  other  purposes  than  the  opera- 
tion of  its  own  vessels. 

The  investment  of  the  Pittsburgh  Steamship  Co.  in  physical 
property  in  1910  was  $23,885,833,  and  th^  average  net  working 
capital  required  for  the  operation  of  its  own  vessels  was  about  $1,800 ,• 
000.     The  total  investment  therefore  amounted  to  $26,685,833. 

The  net  earnings  of  the  Pittsburgh  Steamship  Co.  in  1910  (exclud- 
ing the  profit  from  the  employment  of  chartered  v,essels)  amounted 
to  $2,680,016.  Comparing  these  net  eammgs  with  the  total  invest- 
naent  given  above,  tiie  rate  of  return  thereon  in  1910  was  10.4  per 
cent.  It  appears,  therefore,  that  the  rate  of  profit  of  the  Pittsburgh 
Steamship  Co.  in  the  operation  of  its  Lake  ore  boats  was  not  extraor- 
dinarily large. 

While  the  Lake  ore  transportation  business  apparently  has  not 
been  free  from  combinations  and  artificial  control  of  rates,  the 
opportunities  for  competition  are  probably  too  great  to  make  exces- 
sively high  rates  possible  in  a  permanent  way.  The  differences  in 
the  rates  of  return  from  its  two  ore  railroads  in  1910,  namely,  17.5 
per  cent  and  22.9  per  cent  for  the  Duluth  &  Iron  Range  Bailroad  and 
the  Duluth,  Miasabe  &  Northern  Railway,  respectively,  on  the  one 
hand,  and  its  Lake  ore  fleet,  on  the  other  hand,  namely,  10.4  per 
cent,  illustrate,  therefore,  the  differences  between  the  profit  from 
monopolistic  transportation  agencies  and  from  transportation  agencies 
whose  business  is  exposed  in  a  large  measure  to  competitive  influences. 

Section  7.  EfTect  of  excessive  ore-transportation  profits  of  Steel  Cor> 
poration. 
The  average  transportation  profit  for  the  Steel  Corporation  on  ifa 
own  ore  over  its  ore-carrying  railroads  and  in  Lake  vessels,  aa 
computed  by  the  Bureau  for  the  period  1902-1906,  amounted  to 
$0.61  per  ton  averaged  on  the  total  ore  dehveries  of  the  Steel  Cor- 
poration at  lower  Lake  ports,  while  for  the  year  1910  it  was  $0.57 
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per  ton.'  There  can  be  no  question  t^at  t^ese  transportation  profits 
were  groealy  exceeaive.  Convincing  evidence  of  this  is,  indeed, 
afforded  by  the  fact  that  the  Steel  Corporation's  principal  ore  roads, 
the  Duluth  &  Iron  Range  and  the  Duluth,  Missabe  &  Northern,  have 
recently  reduced  their  rates  by  $0.20  per  ton  for  the  haul  from 
Mesabi  miuee  to  upper  Lake  ports,  which  was  formerly  SO.SO  per  ton, 
and  by-  S0.30  to  $0.40  for  the  Vermilion  mines,  which  formerly  had 
rates  of  from  $0.90  to  $1  per  ton;  the  rates  from  both  ranges  are 
now  $0.60  per  ton.  Since  these  reductions  in  the  rates  do  not  invtdire 
any  redaction  in  operating  expenses,  it  may  be  regarded  as  equivalent 
to  an  s4bnis8ion  by  the  Steel  Corporation  itself  that  the  former  rates 
were  unreasonable.  It  is  safe  to  assume  that  the  present  reduced 
rate  of  $0.60  per  ton  is  still  excessive.  This  is  clearly  indicated  by 
tbe  phenomenally  -low  ratio  of  operating  expenses  to  gross  earnings 
for  these  ore  roads.  Thus  the  1912  ratio  of  the  Duluth,  Missabe  & 
Northern  Railway  was  about  46  per  cent,  and  that  of  the  Duluth  & 
Iron  Range  Railroad  was  45}  per  cent,  gainst  an  average  for  all 
railroads  in  the  United  States  in  1911  of  69  per  cent.  In  1910,  before 
these  rates  were  reduced,  the  operating  ratios  were  much  lower  stilt, 
namely,  30  per  cent  and  36.6  per  cent,  respectively. 
■  Moreover,  the  jates  of  the  Steel  Corporation  over  its  principal 
railroad  south  of  the  Lakes,  the  Bessemer  &  Lake  Erie,  are  un- 
doubtedly excessive,  while  the, dockage  charges  at  lower  Lake  ports 
are  also  unduly  large. 

While  integration  of  industry  to  permit  of  large-scale  operations 
at  minimiiTn  costs  is  desirable,  these  enormous  profits  of  the  Steel 
Corporation  on  the  transportation  of  ore  present  a  problem  of  very 
great  importance.  It  is  obvious  that  so  long  as  these  railroads 
are  owned  by  the  Steel  Corporation  the  excessive  profits  thus  earned 
on  transportation  could  be  used,  if  necessary,  to  the  very  great 
disadvantage  of  competitors  in  the  sale  of  steel  products.  It  is 
true  that  owing  to  price  ^reements  and  price  understandings  in 
the  steel  industry,  these  profite  have  been  retained  by  the  Steel 
Corporation  instead  of  being  thus  used  as  a  competitive  weapon. 
Nevertheless,  the  possibility  of  their  being  so  used  is  always  present. 

The  situation,  therefore,  is  this:  Integration  of  the  steel  industry 
with  respect  to  transportation  thus  far,  instead  of  working  to  the 
advantage  of  the  public  in  the  form  of  lower  rates  to  all  shippers 
and  lower  prices,  has  inured  almost  wholly  to  the  benefit  of  a  great 
combination.  On  the  other  hand,  to  let  the  Steel  Corporation 
retain  this  advantage  of  low  transportation  cost  and  to  let  this  work 

1  Tbe  BvusES  tn  ISIO  was  lower,  putl7  an  aocoant  ol  tbe  luge  lonnsga  bouled  bj  the  Oreat  Northan 
B.  R.  in  connectton  with  the  "Hill  on"  mfaHd  and  ihlpped  bi  thmt  year,  hhI  puilr  beaaaie  bsMb 
mlnoc  tnnqxirtstlaD  proftts  were  computed  by  tbe  Bureau  lor  tbe  earlier  period  wUoh  an  nut  oamldand 
bj  the  BWal  Corporatlau  in  Its  detarminatlou  ol  ioterconipauf  profits  in  oofL 
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itself  out  in  the  fonn  of  lojver  prices  might  be  undesirable,  because  it 
would  tend  to  give  the  Steel  Corporation  an  unreasonable  and  unde- 
sirable advanti^  over  competitors  in  the  sole  of  finished  products. 
'  This  situation  cleu-lj  raises  the  question  whether  the  interests 
of  the  public  may  not  require  the  separation  from  the  Steel  Corpora- 
tion of  the  railroad  properties  in  the  Lake  ore  region.  This  would 
stop  what  is  unquestionably  an  evil,  namely,  the  imposition  of  high 
rates  upon  competitors'  shipments,  which  puts  them  at  a  great  dis- 
advantage, while,  at  the  same  time,  forcing  them  by  reason  of  tiiis 
very  fact  to  contribute  unduly  to  the  profits  of  the  Steel  Corporation. 
If  this  were  done,  the  iron  and  steel  making  concerns  would  be  sub- 
stantially on  an  equal  basis  so  far  as  transportatioii  over  these  rail- 
roads is  concerned. 

While  in  the  case  of  integration  of  ordinary  manufacturing  busi- 
ness it  may  be  entirely  proper  that  the  most  enterprising  concern 
should  reap  the  benefit  of  its  activity,  it  is  unquestionably  different 
in  the  case'  of  a  public  utility,  such,  for  instance,  as  a  railroad. 
Competition  in  the  construction  of  railroads  is  often  inipracticable. 
Moreover,  the  important  ore  railroads  of  the  Steel  Corporation  were 
obtained,  not  through  superior  ability,  efficiency,  or  foresight,  but  sim- . 
ply  through  superior  command  of  capital  as  a  rejult  of  combination. 
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CHAPTER  XXn. 
IKVE8TXEHT  AFD  PBOFZT,  BT  PRODUCTS,  1902-1906. 
Section  1.  Introdnctory. 

The  margins  of  profit  per  ton  between  the  average  seUing  prices 
and  the  average  net  costs  of  vmous  products  for  large  and  well 
integrated  manufacturing  companiea  for  the  five-year  period  1902 
to  1906,  whose  costs  have  been  shown  in  Chapter  DC  of  this  report 
may  be  compared  with  the  estimated  investment  per  ton  in  order  to 
determine  the  rate  of  profit  on  investment.  For  this  purpose  it  is 
assumed  that  these  costs  represent  practically  complete  integration 
costs  with  respect  to  the  production  of  raw  materials,  such  as  ore  and 
coke,  and  the  manufacture  of  iron  and  steel  products.  This,  however, 
is  not  strictly  the  case,  as  only  one  of  the  lai^e  companies  whose  costs 
are  included  in  the  average  was  completely  integrated.  In  so  far  as 
these  average  costs  do  not  correspond  to  a  complete  integration  of 
the  business,  the  investment  assumed  to  be  necessary  is  exaggerated 
and  the  rate  of  profit  on  the  investment  required  is  understated. 
The  discrepancy  on  this  account,  however,  is  not  very  great,  and  the 
computed  rates  of  profit,  therefore,  are  not  materially  lower  than 
would  be  obtained  if  the  basis  of  the  computation  with  respect  to 
coste  and  mai^ins  of  profit  corresponded  exactly  to  the  assumed 
condition  of  complete  integration.  It  should  be  noted  further  that 
these  costs  take  no  aecount  of  intercompany  profit  from  transporta- 
tion, and,  hence,  no  consideration  need  be  giVen  in  this  connection 
to  any  investment  in  transportation  facilities. 

The  products  for  which  ttie  computations  of  investment  and  profit 
are  made  in  this  chapter  embrace  Bessemer  pig  iron,  large  Bessemer 
billets,  and  Bessemer  steel  rails.  As  Bessemer  ingots  are  not  ordi- 
narily sold  in  commerce,  they  are  not  considered  here.  It  is  desired 
to  Mrive  at  the  necessary  inveetment  per  ton  for  each  of  these  prod- 
ucts in  order  to  make  comparisons  with  the  profit  per  ton,  i.  e,,  the 
difference  between  the  net  cost  and  the  average  selling  price. 

In  making  this  computation  it  is  convenient  to  work  for  each 
product  with  a  typical  production  and  amount  of  investment,  the 
results  being  reduced  to  figures  of  investment  and  profit  per  ton. 
For  this  reason  the  Bureau  has  assumed  ihe  production  of  a  typical 
integrated  concern  comprising  ore  and  coal  mines,  coke  ovena,  blast 
furnaces,  steel  works,  rolling  mills,  and  accessory  pluits.    The  require- 
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ments  of  raw  material  resources  and  plant  capacity  are,  therefore, 
isolated  for  each  particular  product,  but  it  is  assumed  in  each  case 
that  these  form  merely  a  part  of  a  more  comprehensive  investment 
for  such  an  integrated  concern  utilized  for  the  production  of  various 
other  products. 

Section  2.  BeqniremeatB  of  raw  matoriala  per  annum  and  total  snp- 
plies  assnmed. 
In  order  to  determine  the  approximate  investment  in  raw  material 
resources,  plants,  etc.,  for  each  product,  the  Bureau  has  assumed,  as 
a  basis,  an  ore  consumption  of  1,0007000  tons  per  annum.  For  the 
period  1002  to  1906,  as  already  noted,  about  1.84  tons  of  Bessemer 
.  ore  were  required  to  produce  a  ton  of  Bessemer  pig  iron.  Hence, 
1,000,000  tone  of  ore  would  produce  544,500  tons  of  Bessemer  pig 
iron.  A  small  part  of  the  scrap  produced,  however,  would  be  used 
with  such  pig  iron  in  the  manufacture  of  Bessemer  ingots.  In  making 
steel  rails,  about  25  per  cent  of  the  scrap  from  converter  and  rolling 
mills  can  be  economically  remelted  in  cupola  furnaces,  while  in  making 
billets  about  50  per  cent  of  the  scrap  can  be  reworked  in  this  way. 
However,  as  there  is  about  twice  as  much  scrap  recovered  in  mak- 
ing rails  as  in  making  billets,  nearly  as  large  a  quantity  of  scrap 
can  be  reworked  for  a  given  tonnage  of  raila  as  for  the  same  tonnage 
of  billets.  It  would  require  about  106  tons  of  pig  iron  and  scrap 
to  make  100  tons  of  Bessemer  ingots,  about  131  tons  of  Bessemer 
ingots  to  make  100  tons  of  rails,  and  about  115  tons  of  Bessemer 
ingots  to  make  100  tons  of  large  billets.  In  the  manufacture  of 
raib  there  would  be  a  large  amount  of  scrap,  only  a  part  of  which 
could,  as  just  explained,  be  used  in  cupolas  in  the  manufacture  of 
ingots  (the  remainder  being  sold  or  used  elsewhere  in  the  works). 
Od  this  basis,  544,600  tons  of  Bessemer  pig  iron,  together  with-  the 
quantity  of  scrap  which  could  be  reworked  (which  would  be  about 
the  same  for  either  rail  or  billet  ingots),  would  produce,  roughly, 
655,000  tons  of^Bessemer  ingots,  and  426,000  tons  of  Bessemer  rails, 
or  480,000  tons  of  laige  Bessemer  billets.' 

As  stated  above,  the  typical  plant  in  question  would  require 
1,000,000  tons  of  ore  annually.  Most  manufacturing  companies  aim 
to  make  sufficient  depreciation  allowances,  etc.,  to  replace  the  capital 
invested  in  plant  in  about  20  years.  This,  however,  does  not  neces- 
sarily fix  the  limit  of  a  reasonable  supply  of  ore  in  reserve.  Under 
some  conditions  of  ownership  and  commerce,  with  respect  to  ore 
property,  very  little  in  the  way  of  ore  reserves  is  required  by  manu- 
facturing   companies,    while   under   other   circumstances    prudent 

>  It  ihoald  b«  noted  fbat  the  tomuge  ol  Ingots  la  Kraaa,  uid  InoladM  reworksd  nmteriB];  thuelon 
the  tonnage  of  tngDla  axoasda  tlia  (omiaga  of  pig  Iron.  The  ttmnkge  of  Bntalud  pcoduot  la  len  than 
tliat  of  pig  Iron. 
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management  demands  s  considerable  reserve  on  account  of  the 
danger  that  the  available  Bourcea  of  supply  may  be  all  taken  up  by 
other  manufacturers  or  cornered  by  ore  merchants.  Under  the 
existing  conditions  in  the  Lake  ore  business  there  is  no  doubt  that 
considerable  ore  reserves  are  desirable,  but  these  conditions  are 
themselves  the  result,  in  part,  of  more  or  less  monopolistic  practices  in 
the  acquisition  of  ore  supply,  and  especially  of  the  policy  of  the  Steel 
Corporation  in  this  respect.  Under  such  conditions  it  seems  plain, 
therefore,  that  exceedingly  large  ore  reserves  should  not  be  accepted 
as  a  basis  of  necessary  investment,  at  least  for  the  purpose  of  com- 
puting manufacturing  profits. - 

Taking  these  facts  into  consideration,  the  Bureau  is  of  the  opinion 
that,  a  30-year  ore  supply  is  ample  for  the  purpose  of  computing  the 
.  return  on  investment.  WHle  the  assumed  duration  of  the  ore  supply 
and  the  investment  in  ore  would  afiect  the  total  investment  required 
for  the  manufacture  of  pig  iron  and  steel  products,  nevertheless  the 
difference  in  investment  between  a  30-year  supply  of  ore  and  a  50- 
year  supply  would  be  only  about  $2  to  S3  per  ton  of  ore,  or  $4  to  16 
per  ton  of  pig  iron..  Such  a  difference  would  constitute  only  a  small 
fraction  of  the  total  investment  assumed,  either  for  the  production  of 
pig  iron  or  for  finished  steel  products. 

The  actual  conditions,  with  regard  to  obtaining  a  supply  of  coke, 
are  sufficiently  like  those  existing  for  iron  ore  to  justify  assuming  a 
reserve  sufficient  for  a  30-year  term  of  operation.  The  coke  required 
to  smelt  1,000,000  tons  of  ore  per  annum  would  be  about  629,500  net 
tons.  As  the  yield  of  good  coking  coal  is  about  67  per  cent  of  coke, 
such  a  coke  consumption  would  call  for  about  939,000  tons  of  coking 
coal  per  annum.  A  30-year  supply  of  coking  coal,  therefore,  would 
be  28,170,000  tons.' 

Some  large  steel  companies  purchase  their  supply,  or  the  bulk  of 
their  supply,  of  steam  or  heating  coal  or  have  natural-gas  properties 
to  furnish  the  necessary  fuel.  Others  mine  their  own  coal,  and, 
therefore,  an  allowance  for  such  a  supply  may  be  included  in  this 
computation.  For  a  plant  consuming  1,000,000  tons  of  ore  annually 
in  the  manufacture  of  heavy-rolled  products  of  Bessemer  steel,  not 
having  natural-gas  property,  the  annual  requirements  of  such  coal 
would  probably  be  in  the  neighborhood  of  150,000  tons.  A  30-year 
supply  on  this  basis  would  be  4,500,000  tons. 

In  the  case  of  limestone,  the  deposits  are  so  abundant  that  there  is 
not  the  same  incentive  to  obtain  reserves  necessary  to  cover  a  long 
period  of  operation.  A  considerable  supply  would  be  required,  how- 
ever, for  economical  working,  and,  as  the  investment  is  not  large  in 
any  case,  it  is  convenient  to  assume  a  30-y6ar  supply  in  this  instance 
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A  little  less  than  one-half  ton  of  limestone  is  necessary  in  the  pro- 
duction of  one  ton  of  pig  iron  from  Lake  ore.  The  annual  requirement 
of  limestone,  therefore,  would  be  ahout  250,000  tons,  and  a  30-year 
supply  on  that  hasis  would  be  7,500,000  tons.  Other  things  being 
equal,  a  little  more  limestone  is  necessary  in  the  production  of  basic 
pig  iron  than  in  the  production  of  Bessemer,  on  account  of  the  lower 
average  yield  of  non-Bessemer  Lake  ores,  but  the  difference  in  invest- 
ment would  be  too  small  to  be  taken  into  consideration  here. 

Section  3.  Approximate  iiiTeatmeit  required  ia  nw  materials.  - 

Lake  orb. — As  stated  above,  the  typical  plant  here  under  consider- 
ation is  assumed  to  have  a  reserve  of  30,000,000  tons  of  ore.  As 
shown  in  Chapter  XXI,  an  allowance  of  JO.IO  to  $0.15  per  ton  for 
investment  in  ore  in  the  ground,  taking  a  reserve  comprising  both  fee 
and  leasehold  property,  would  be  sufficiently  large  for  a  concern 
operating  during  the  period  1902  to  1906,  and  this  is  more  than  suffi- 
cient for  a  concern  having  leaseholds  only.  Any  subsequent  in- 
crease in  ore  values  would,  of  course,  have  no  relation  to  the  costs  or 
profits  dorii^  that  period.  The  above  estimates  for  ore  in  the 
ground  are  sufficiently  large,  moreover,  to  cover  the  necessary  current 
improvements  in  the  development  of  ore-mining  property.  It  would 
not,  however,  include  the  requirements  of  working  capital  for  mining 
ore;  a  proper  allowance  for  working  capital  is  made  later.  On  the 
basis  of  $0.10  to  $0.15  per  ton  in  the  ground  for  ore  reserves  and 
improvements,  the  investment  in  a  30-year  supply  at  the  rate  of 
1,000,000  tons  per  annum  would  represent  a  total  investment  of  from 
$3,000,000  to  $4,500,000. 

It  should  be  noted  in  this  connection  that  inasmuch  as  this  esti- 
mate of  investment  is  made  for  an  integrated  concern  producing 
various  Bessemer  and  open-hearth  products  it  would  be  necessary  to 
have,  in  the  aggregate,  much  larger  ore  reserves,  consisting  of  both 
Bessemer  and  non-Bessemer  ore,  which,  according  to  the  conditions 
of  their  occurrence  in  the  Lake-ore  r^on,  would,  to  some  extent,  be 
found  together  in  the  same  ore  deposits.  However,  for  a  particular 
Bessemer  iron  or  steel  product  here  under  consideration,  only  the 
necessary  requirements  for  such  product  are  taken  account  ot. 

CoNNEi,i,8vii.i.E  OOKE. — The  average  fixed  investment  of  the  Steel 
Corporation  in  coking-coal  and  coke  property,  as  computed  by  the 
Bureau  for  the  period  1901  to  1910,  was  $7.40  per  ton  of  coke  produced. 
This  investment  covered  the  mine  improvements  and  the  coke  ovens 
as  well  as  the  coal  in  the  ground.  This  figure  did  not  include  invest- 
ment in  coal  other  than  cokii^  coal.  As  an  average  figure  of  invest- 
ment per  ton  of  coke  produced,  it  is  undoubtedly  too  high  to  be 
representative  of  general  conditions  during  the  period  1902  to  1906. 
77232"- 
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Taking  the  large  steel  companies  as  they  were  organized  at  that 
time,  it  ia  safe  to  assume  that  Connellsville  coal  did  not  cost  them, 
on  the  average,  over  {1,000  to  $1,200  per  acre.  The  original  cost  of 
the  Steel  Corporation's  coking  coal  to  its  principal  coke-producing 
subsidiary  (H.  C.  Frick  Coke  Co.)  was,  of  course,  very  much  less  than 
this.  However,  as  the  holdings  of  cokii^-coal  lands  of  this  company 
were  largely  acquired  long  before  the  period  here  under  consideration, 
the  low  ^ures  of  earlier  years  should  not  he  used  in  this  computation. 

As  a  rough  average,  the  yield  of  good  Connellsville  coking  coal  per 
acre  may  be  set  at  about  10,000  tons.  On  this  basis,  an  average 
investment  of  $1,000  to  $1,200  per  acre  would  he  equivalent  to  SO.IO 
to  $0.12  per  ton.  Moreover,  there  is  a  loi^e  supply  of  less  expen- 
sive coking  coal  available,  such,  for  instance,  as  that  of  the  Poca- 
hontas district,  which  is  entirely  suitable  for  blast-fumace  coke.  It 
might  be  assumed,  therefore,  that  a  large  steel  concern  would  have 
some  of  this  coal,  as  well  as  that  of  the  Connellsville  district.  The 
Bureau  is  of  the  opinion,  therefore,  that  an  average  investment  of 
from  $0.10  to  $0.12  per  ton  for  a  reserve  of  coking  coal  would  be 
reasonable.  For  the  28,170,000  net  tons  of  coking  coal  required  in 
the  case  of  each  of  the  products  here  discussed  this  would  moan  a 
total  investment  in  coking  coal  of  from  $2,817,000  to  $3,380,000.  To 
this  should  be  added  the  investment  required  in  mine  improvements, 
equipment,  and  miscellaneous  facilities  for  mining  the  coal,  which 
may  be  placed  at  from  $1,000,000  to  $1,500,000.  The  investment  in 
an  ordinary  beehive  coke  oven  may  be  placed  at  from  $750  to  $1,000, 
or,  say,  from  about  $1.50  to  $2  per  ton  of  coke  produced.  On  this 
basis  it  would  require  an  investment  in  ovens  of  approximately 
$1,000,000  to  $1,500,000  to  produce  the  annual  requirement  of 
629,500  tons  of  coke  here  assumed  to  be  necessary. 

STEU.H  cx>AL  OR  GAS.— The  requirement  for  other  coal  for  steam 
and  heating,  as  stated  above,  was  4,500,000  tons  for  a  30-year 
supply-  The  investment  in  such  a  supply,  including  necessary 
mining  improvements  and  equipment,  may  be  placed  at,  approxi- 
mately, $500,000  to  $1,000,000,  according  to  the  location,  quality, 
and  other  conditions.  A  considerable  part  of  this  would  he  for  the 
improvements. 

In  the  ca.se  of  concerns  having  a  supply  of  natural  gas  the  invest- 
ment would  probably  be  somewhat  less.  For  the  purposes  of  this  dis- 
cussion, however,  the  foregoing  estimates  lany  be  regarded  as  cover- 
ing this  supply  of  fuel  for  power  and  heating  purposes  if  either  coal 
or  gas  were  employed. 

Limestone. — The  investment  in  limestone  property  is  compara- 
tively small  per  ton  of  output.  The  cost  of  a  limestone  quarry  which 
would  yield  the  above-noted  annual  supply  (250,000  tons)  for  t 
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30-year  period  may  be  safely  estimated  as  not  more  than  S76,000  to 
$150,000. 

Section  4.  Approximate  inTestment  required  ia  ma&iifactiirui(r  planti. 

Blast  fuknaces. — For  the  determination  of  an  average  investment 
in  blast  furnaces  per  ton  of  production  the  Bureau  had  very  exten- 
sive data.  As  stated  in  Fart  I,  it  obtained  from  the  Steel  Corpora- 
tion a  detailed  schedule  of  all  of  its  manufacturing  properties  as  of 
January  1,  1908,  distii^uishing  real  estate  from  plants,  and,  more- 
over, listing  separately  each  particular  kind  of  plant,  as,  for  instance, 
blast  furnaces,  Bessemer  works,  open-hearth  furnaces,  rolling  mills 
for  each  kind  of  rolled  product,  as  well  as  auxiliary  planta  (such  aa 
power  plants,  shops,  and  pumping  plants).  Owii^  to  the  fact  that 
the  real  osteite,  as  well  as  much  of  the  miscellaneous  property,  such 
aa  auxiliary  plants,  had  to  be  distributed  among  the  different  manu- 
facturing departments,  it  was  necessary  to  make  some  allocations  of 
a  more  or  less  arbitrary  character.  It  was  possible  to  arrive  at  very 
close  figures  for  the  construction  cost  of  blast  furnaces  and  accessory 
plants,  taking  conditions  as  they  actually  existed.  The  real  estate 
valuations,  however,  presented  a  more  serious  problem.  A  con- 
siderable number  of  blast-furnace  [danta  of  the  Steel  Corporation 
are  located  on  very  valuable  sites,  and  in  distributing  the  total 
site  value  amoi^  the  various  departments  of  the  steel  works  a  very 
considerable  acreage  was  necessarily  allocated  to  the  blast-fumace 
plant.  In  several  instances  the  land  valuations  averaged  from 
$20,000  an  acre  upward.  The  original  cost  of  this  land  was,  of  course, 
very  much  less,  and  it  is  a  fair  question  how  far,  in  computing  the 
investment  required,  the  enhanced  valuation  now  claimed  shoidd  be 
allowed.  Since,  however,  the  Bureau  was  endeavoring  to  arrive 
at  a  result  which  would  substantially  represent  actual  conditions, 
it  was  deemed  proper  in  arriving  at  a  general  average  to  include  these 
plants  with  very  high  values  of  real  estate  with  those  built  on  much 
less  expensive  sites. 

While  it  is  impracticable  to  describe  in  detail  the  Bureau's  com- 
putations, the  results  arrived  at  fairly  represent  the  facts  as  reported 
to  the  Bureau.  It  is  probable,  however,  that  the  resulting  aven^ee 
are  somewhat  too  high  because  of  the  very  high  values  for  real  estate 
just  discussed.  Nevertheless,  such  figures  of  actual  investment  are 
more  conclusive  than  engineers'  estimates,  which,  however  carefully 
made  as  to  plants,  would  necessarily  be  exceedingly  arbitrary  as  to 
plant  sites. 

Aa  above  stated,  the  Bureau  worked  from  actual  production  rather 
than  capacity,  and  for  this  purpose  it  took  the  average  annual  output 
for  1906  and  1906.    These  were  representative  years  as  r^ards  pro- 
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duction,  and  it  seemed  fair  to  use  these  two  years  rather  than  to 
include  with  them  the  extraordinarily  large  production  of  1907,  or  tJie 
unusually  low  production  of  1904,  either  of  which  might  have  imduly 
affected  the  average  investment  per  ton.  On  this  basis  blast-furnace 
plants  of  the  Steel  Corporation,  representing  an  average  annual  pro- 
duction for  the  two  years  1906  and  1906  of  nearly  10,000,000  tona 
of  pi?  iron,  or  practically  the  total  output  of  the  Sted  Corporation 
in  those  years,  showed  an  average  investment  per  ton  of  $10.75.  The 
valuations  for  individual  plants  showed,  of  course,  a  very  wide  range, 
roughly,  from  %i  to  $16  per  ton.  Tiie  average  valuation  for  fur- 
naces of  other  companies  with  a  total  average  production  in  these 
years  of  about  1,000,000  tons  was  somewhat  lower,  namely,  $10.05. 
Taking  all  the  circumstances  into  consideration,  the  Bureau  is  of  the 
opinion  that  for  blast  furnaces  an  investment  from  $8.50  to  $11.50 
per  ton  is  reasonable.  i 

Besseheb  steel  wobss. — The  investment  in  Bessemer  steel  con-  | 
verting  plants  per  ton  of  product,  including  a  fair  proportion  of 
accessory  plante  and  of  real  estate,  was  comparatively  small.  Actual 
averse  figures  computed  in  substantially  the  same  way  as  for  blast 
furnaces  for  41  different  Bessemer  steel  converters,  with  an  average 
total  annual  tonnage  in  1905  and  1906  of  nearly  8,000,000  tons, 
showed  an  average  investment  of  $1.85,  with  an  extreme  range  from 
$1.11  to  $3.45.  The  investment  may  fairly  be  placed  at  from  $1.60 
to  $2.50  per  ton.  The  average  for  the  Steel  Corporation  aloue  was 
$1.76  per  ton. 

Billet  hill. — Actual  average  figures  computed  in  the  same  way 
as  for  blast  furnaces  and  steel  works  for  17  billet  mills  of  the  Steel 
Corporation,  with  an  average  total  annual  output  for  the  two  yeara 
1905  and  1906  of  4,200,000  tons,'  showed  an  average  investment, 
including  blooming  mills  and  a  due  proportion  of  accessory  plants 
and  real  estate,  of  $3.99  per  ton.  The  valuation  of  four  mills  outside 
of  the  Steel  Corporation  showed  an  average  investment  of  $3.67  per 
ton  of  product.  The  extreme  range  of  all  mills  was  from  $1.95  per 
ton  at  a  plant  with  a  very  large  production  to  $9.99  per  ton  at  a  plant 
with  a  very  small  output.  The  investment  in  a  billet  mill  may  be 
placed  at  from  $3.25  to  $4.75  per  ton  of  production.  This  invest- 
ment per  ton  was  far  less  than  for  the  rail  mills,  which  was  due  not 
only  to  the  more  costly  rail  mill,  but  to  output  as  well,  the  billet 
mills  being  operated  more  nearly  up  to  their  capacity,  while  rail 
mills,  as  a  rule,  were  idle  a  greater  part  of  the  time  than  biUet  mills. 

1  Botb  bOleU  mid  sheet  b»n  wue,  In  ■am«  InstuicM,  rolled  no  the  nme  mUl;  tbcrelon  It  ma  dmcovt, 
ta  aritr  to  urlve  st  aa  iureslmait  flgun  per  ton  of  prodnot.  to  un  the  oomblnsd  fradnotka  i^  bUtla 
and  sheet  bug  at  such  rnOli.    ThalnTaUnsntpw  ton  dI  product  wouid  be»bouttlwmii*lgcbolblu^ 
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Rail  hill. — The  approximate  investmeat  in  a  sted-rail  mill, 
iocluding  blooming  mill,  besides  accessory  plants  and  a  due  propor- 
tion of  real  estate,  cm  the  basis  of  the  data  obtained  from  the  St«el 
Corporation  and  some  other  large  companies,  compared  with  the 
average  total  annual  output  for  1905  and  1906  (2,250,000  tona, 
or,  roughly,  65  per  cent  of  the  total  production  of  the  coimtry) 
showed  an  average  of  S8.12  per  ton,  wiUi  an  extreme  range  from 
15.21  to  $16.06.  This  latter  figure,  however,  was  upon  a  production 
of  leaa  than  50  per  cent  of  the  mill's  capacity.  The  Steel  Corpora- 
tion's average  investment  was  $8.16  per  ton.  As  an  approximation, 
the  investment  may  fairly  be  placed  at  from  $7.50  to  $10  per  ton  of 
production. 

Section  6.  Approximate  iiiveitment  in  working  capital. 

The  forgoing  investment,  it  should  be  remembered,  is  for  plant 
and  property  only,  and  does  not  include  working  capital.  The  Bu- 
reau has  placed  ihe  average  investment  in  working  capital  required 
by  a  concern  completely  integrated  with  respect  to  raw  materiab 
and  antecedent  stages  of  manufacture  at  from  $8  to  $12  per  ton  of 
Bessemer  pig  iron,  from  $12  to  $17  per  ton  of  lai^  Bessemer  billets, 
and  from  $13  to  $1S  per  ton  of  Bessemer  steel  rails. 

The  averse  investment  of  the  Steel  Corporation  in  working  capital 
per  ton  of  all  finished  steel  products  for  the  entire  period  1901  to 
1910  was  almost  exactly  $22.60.  This  does  not  take  account  of  the 
Steel  Corporation's  production  of  Portland  cement  or  of  some  minor 
products,  such  as  spelter  and  sulphate  of  iron,  the  inclusion  of 
which  would,  of  course,  have  reduced  the  per  ton  average  somewhat. 
The  Steel  Corporation  carried  a  very  large  amount  of  cash  in  banks. 
The  average  amount  of  cash  at  the  close  of  each  year  from  1901  to 
1910  was,  roughly,  $58,000,000.  This  cash  item  reduced  to  a  per 
ton  basis  was  considerably  higher  than  the  average  for  the  ordinary 
large  iron  and  steel  concern. 

The  average  net  working  capital  for  three  of  the  largest  competitors 
of  the  Steel  Corporation  (the  Lackawanna  Steel  Co.,  the  Cambria 
Steel  Co.,  and  the  Jones  &  Laughlia  Steel  Co.)  per  ton  of  finished 
steel  products,  over  a  period  of  several  years,  included  within  the 
period  1901  to  1910  (representative  data  for  the  entire  period  not 
being  available  because  of  reorganizations  or  changes  in  scope  of 
operations),  ranged  from  $15  to  $19  per  ton.  One  reason  for  the 
higher  average  for  the  Steel  Corporation  is  that  the  Bureau  did  not 
make  any  deduction  on  account  of  net  working  capital  employed  in 
transportation. 

These  averages  are  for  all  finished  steel  products  collectively, 
whereas  the  amounts  of  working  capital  required  in  the  production 
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of  different  products  vary  considerably.  The  average  working  capital 
required  by  a  completely  int^ated  concern  in  the  production  of 
Bessemer  steel  rails  would  be  less  than  for  some  other  heavy  rolled 
products  and  considerably  less  than  for  finished  steel  products  of  a 
more -elaborated  character.  It  would  be  somewhat  less,  therefore, 
than  the  average  for  all  steel  products  collectively.  In  this  rough 
approximation,  however,  it  is  unnecessary  to  enter  into  refinements 
and  to  attempt  to  show  a  distribution  of  working  capital  between  all 
different  products.  Such  an  allocation  would  be  more  or  less  arbi' 
trary  under  any  circumstances.  The  Bureau  has,  therefore,  used 
$13  to  118  per  ton,  as  applicable  to  the  production  of  Bessemer  steel 
rails,  although  it  is  certain  that  the  higher  figure  is  considerably  more 
than  is  generally  necessary.     (See  p.  526.) 

This  range,  assumed  to  be  applicable  to  the  production  of  ateel 
rails  was  used  for  determining  the  working  capital  necessary  for  the 
production  of  lai^e  Bessemer  billets  on  the  basis  of  their  comparative 
net  costs  (excluding  transfer  profits  only,  see  p.  320)  for  the  five-year 
period  1902  to  1906.  This  gives  a  range  from  $12  to  $17  per  ton  iar  i 
billets,  as  stated  above.  I 

For  the  neceasary  working  capital  per  ton  of  Bessemer  pig  iron,  the 
Bureau,  on  the  same  basis,  computes  this  to  be  from  $8  to  $12  per  ton. 

For  iron  and  steel  concerns  using  I^ake  Superior  ore,  the  necessary 
working  capital  must  be  larger  than  for  a  concern  usiog  local  ore  (e.  g.. 
Southern  ore)  on  account  of  the  tai^e  ore  inventories  that  must  be 
carried  during  the  closed  season  of  L^ke  transportation. 

For  Bessemer  pig  iron,  large  Bessemer  billets,  and  Bessemer  rails 
summary  tables  are  given  below  showing  the  investment  per  ton, 
using  a  range  based  upon  Steel  Corporation  and  outside  data.  This 
investment  is  compared  with  the  margins  of  profit  between  the 
1902-1906  revised  total  book  costs  and  the  average  proceeds  of  sales. 
In  this  manner  it  is  possible  to  get  a  fairly  definite  idea  of  the  per- 
centage of  profit  on  investments  for  the  respective  products. 

Section  6.  Investment  and  profit,  by  products. 

Bbssbubr  pig  moN. — The  total  investment  in  fixed  property 
required  to  produce  a  ton  of  Bessemer  pig  iron  with  a  furnace  plant 
using  1,000,000  tons  of  ore  and  having  an  output  of  544,500  tons  of 
pig  iron,  and  in  working  capital  at  from  $S  to  $12  per  ton,  would  be 
approximately  $31  to  $44.  This  investment  is  summarized  in  the 
table  following. 
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TaUi  187.— APPROxnUTK  INVBBTUBNT  IN  RAW  tUTEKULS  (ON  BABIS  OF  10 
YKARB'  StIPPLY)  AND  IN  PI,ANT8  AND  WOREINO  CAPITAL  REQUIRED  TO  PRO- 
DUCE A  TON  OP  BBBSEUBR  PIG  IRON. 

jCalculatknu  basad  on  a  plant  wltb  an  asnunad  auoaBl  productkia  of  SMJOO  knu  tl  Bwaanwr  pig  trmi 
TBlng  Laics  or*  and  oblaS;  CamellivOla  ooke.  No  Invntmanl  to  tmuportation  bcOitltg  la  Iwra 
Indnded.] 
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71,000-     150,000 

*.M8,flOfr-«,3«l,000 
4,S»,I100-  8.SH000 
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7,600,000 
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10,870,000-23,836,000 

.  nacasiary  lor  mining  tba  on. 


cool  la  h«ra  Indiulad  aa  tl 


Ig  and  i»king  the  coal,  and  manv- 
furnaca  pa  Ematl;  exceeds  lbs  quantit; 


1  Net  loos. 

>  This  working  capital  covara  tbi 
kcturtng  the  pig  irau. 

NoTx. — No  Lnvaatmaot  for  steu 
mqnlred  lor  the  tdowblg  engines. 

The  average  sales  price  of  Northern  pig  iron  for  the  period  1902  to 
1906,as  shown  by  Table  27,  page  125,  wastl6.09  per  ton.  As  already 
noted,  the  profit  and  loss  accounts  as  kept  by  some  companies  did 
not  distinguish  between  sales  of  Bessemer  and  basic  pig  iron.  The 
above  price,  therefore,  is  an  average  for  both  Bessemer  and  basic, 
and  undoubtedly  somewhat  lower  than  that  for  Bessemer  alone,  had 
it  been  possible  to  obtain  such  an  average. 

The  average  net  cost  of  Bessemer  pig  iron  for  large  companies  for 
1902  to  1906,  as  shown  on  page  320,  eliminating  intermediate  transfer 
profits  only,  was  $11.61  per  ton.  This  indicates  a  proiit  of  at  least 
$4.48  per  ton.  On  the  basis  of  $31  per  ton  for  the  investment,  such 
a  profit  would  be  equivalent  to  14.5  per  cent,  while  on  the  basis  of 
$44  per  ton  for  the  investment  it  would  be  equivalent  to  10.2  per 
cent. 

It  should  be  noted  that  the  average  cost,  as  shown  above,  namely, 
$11.61  per  ton,  was  for  a  group  of  companies  which  were  not  as  com- 
pletely integrated  as  the  calculation  of  investment  assumes.  Hence 
the  investment  is  somewhat  too  large  and  the  computed  rate  of  profit 
too  small. 

Laboe  Besseheb  billets. — The  average  total  investment  on  the 
foregoing  basis  in  fixed  property  required  to  produce  a  ton  of  lai^e 
Bessemer  billets,  and  in  working  capital  at  from  $12  to  $17  per 


.;,  Google 


518  THi:   STEEL  INDUSTBT. 

ton,  would  be,  roughly,  S44  to  S63  per  toa,  as  appeara  from  the  fol- 
lowing aunimary  table: 

TULB  18g.~-AP PROXIMATE  INVESTMENT  Ot  RAW  MATSRIALB  (ON  BASIS  OF  SO 
YEARS'  SUPPLY)  AND  IN  PLANTS  AND  WORKINO  CAPITAL  REQUIBED  TO  PRO- 
DUCE  A  TON  OF  LARGE  BESSEMER  BILLETS. 


Item. 
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21,172,60IMa,110,60a 

■  This  voTldnc  capital  coran  Um  n 


'e  bniilnara  ol  produotng  blUati  from  tha  mintng  ot  th«  m. 


The  average  price  of  large  Bessemer  billets  for  the  five-year  period 
1902  to  1906  (see  p.  192)  was  $23.31  per  ton.  The  average  total  net 
coat  of  large  Bessemer  billets  for  lai^e  companies  for  the  period  1902 
to  1906,  as  shown  on  page  320,  excluding  transfer  profits  but  not 
transportation  profits,  was  tl7.46  per  ton.  This  gives  a  profit  of 
$5.85.  On  the  basis  of  $44  per  ton  for  the  investment,  such  a  profit 
would  be  equivalent  to  13.3  per  cent,  while  on  a  basis  of  $63  per 
ton  for  the  investment  it  would  be  equivalent  to  9.3  per  cent. 

It  should  he  noted  here  also  that  the  above  cost  of  $17.46  per  ton 
ia  that  for  a  group  of  companies  which  were  not  as  perfectly  integrated 
as  the  calculation  of  investment  assumes.  Hence  the  investment  is 
somewhat  too  large  and  the  computed  rate  of  profit  too  small. 

Bessemer  bails. — On  the  foregoing  basis  the  total  average  in- 
vestment in  fixed  property  required  to  produce  a  ton  of  ateel  rails, 
with  a  plant  capable  of  an  annual  production  of  425,000  tons,  and 
in  working  capital  at  from  $13  to  $18  per  ton,  would  be  approxi- 
mately $53  to  $74  per  ton.  This  appeara  from  the  summary  fol- 
lowing. 
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TiBLB  U1.-APTR0XIUATB  INVESTMENT  IN  RAW  HATERULB  <0N  BASIS  OF  30  YEARS' 

BDPPLY)  AND  IN  PLANTS  AND  WORKING  CAPITAL  REQUIRED  TO  PRODUCE  A  TON 

OF  BESSEUER  STEEL  RAILS. 
ICalculatlDiu  baaed  on  a  plant  with  an  aanunBd  annual  produaUoD  of  ^,000  tona  oC  Beraemer  atandaid 

nils  using  Laka  on  and  chiefly  ConnetlsvUle  ooke.    No  inveitmait  in  treoaportat^on  tsciutles  Is  hen 

incluited.l 
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■  Net tons.    ■ThiawaTklngcapltalcovBrStheantlrebushwasalprodooiDgiaUstram  the  mining  ottheora. 

It  should  be  understood,  of  course,  that  the  above  computation, 
as  well  as  that  for  pig  iron  and  large  billets,  is  approximate.  In 
particular,  it  may  be  pointed  out  that  differences  in  mill  practice 
might  have  some  influence  on  the  investment  in  blast  furnaces  and 
in  steel  works.  The  Bureau  is  of  the  opinion,  however,  that  the 
range  here  shown  is  sufficiently  wide  to  take  account  of  any  probable 
variations  in  this  respect. 

With  this  information  it  is  possible  to  have  some  idea  of  the  signifi- 
cance of  the  profits  on  steel  rails.  The  domestic  price  of  standard 
Be^emer  steel  rails  has  been  fixed  at  $28  per  ton  ever  since  the 
Steel  Corporation  was  organized.  The  average  proceeds  of  sales, 
domestic  and  foreign,  for  the  five-year  period  1902  to  1906  were 
$27.34  per  ton.  (See  Table  61,  p.  215.)  The  average  cost  of  steel 
rails  for  companies  for  1902  to  1906,  as  shown  on  page  320,  excluding 
intermediate  transfer  profits  only,  was  $18.81  per  ton.  This  leaves 
a  profit  to  be  distributed  over  all  stages  of  investment  of  $8.53  per 
ton.  On  the  basis  of  $53  per  ton  for  this  investment  such  a  profit 
would  be  equivalent  to  16.1  per  cent,  while  on  the  basis  of  $74  per 
ton  for  the  investment  it  would  be  equivalent  to  11.5  per  cent. 

The  average  cost  of  $18.81  per  ton  is  for  a  group  of  large  companies 
which  were  not  as  perfectly  integrated  as  the  calculation  of  invest- 
ment assumes.  Hence  the  investment  is  somewhat  too  large  and  the 
computed  rate  of  profit  too  small. 
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CHAPTER  XXm.  I 

nrvESTXEin  aitd  profit,  bt  fbodvcts,  of  the  stsel     , 

CO&FOS&TI0V,  1910.  ' 

Saction  1.  Istrodiotoiy.  I 

The  iuTestmeut  and  profit  by  producte  of  the  Steel  Corporation  in 
1910  are  considered  in  substantially  the  same  manner  as  in  the  pre-  I 
ceding  chapter.  The  products  covered,  as  abeady  stated,  are  Bes- 
semer pig  iron,  large  Bessemer  billets,  Bessemer  rails,  open-hearth 
platee,  and  open-hearth  structural  shapes.  Inasmuch  as  the  net 
costs  of  the  Steel  Corporation  involve  the  exclusion  of  the  trBnspor- 
tation  profits  from  the  carriage  of  its  own  ore,  it  is  necessary  to  take 
account  of  the  investment  in  transportation  facilities  also.  Otliet^ 
wise  the  computations  are  made  on  nearly  the  same  basis  as  before, 
although  the  results  are  shown  for  a  greater  number  of  products. 

Section  S.  Beqnirements  of  raw  materials  per  annum  and  total  supply 
assnmed. 

In  the  case  of  each  product  for  which  the  investment  and  profit  are 
computed,  a  plant  having  an  annual  ore  consumption  of  1,000,000 
tons  per  annum  is  assumed. 

For  Bessemer  pig  iron,  Bessemer  billets,  and  Bessemer  rails,  the 
same  quantities  of  materials  are  used  as  in  the  preceding  computa^ 
tions.  While  the  Steel  Corporation  used  a  smaller  quantity  of  ore 
per  ton  of  pig  iron  in  its  Bessemer  furnaces  in  1910,  namely,  1.82 
tons,  than  that  used  on  the  average  by  all  companies  for  the  period 
1902  to  1906,  namely,  1.84  tons,  the  difference  is  too  small  to  make 
it  necessary  to  readjust  the  quantities  of  production. 

As,  howevOT,  the  investment  and  profits  of  certain  products  of 
basic  pig  iron  are  given,  it  is  necessary  to  consider  the  different  yield 
of  ore  used  in  making  basic  iron,  and  the  quantities  of  certain  steel 
products  obtained  therefrom.  For  the  Steel  Corporation's  produc- 
tion in  1910,  the  average  requirement  of  non-Bessemer  ore  for  the 
blast  furnaces  making  basic  iron  was  2.04  tons  per  ton  of  product. 
Hence,  1,000,000  tons  of  such  ore  would  produce  490,000  tons  of 
basic  pig  iron.  In  the  open-hearth  process  of  making  steel  it  ia 
possible  to  rework  all  the  scrap  recovered.  It  would  require 
about  106  tons  of  pig  iron  and  scrap  together  to  make  100  tons  of 
open-hearth  ingots;  about  146  tons  of  open-hearth  ingots  to  make 
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100  tons  of  open-hearth  plates;  and  about  135  tons  of  open-hearth 
ingots  to  make  100  tons  of  structural  shapes. 

On  this  basis,  in  the  production  of  open-hearth  steel  plates,  490,000 
tons  of  basic  pig  iron,  together  with  the  quantity  of  scrap  recovered 
and  reworked,  would  produce  about  657,000  tons  of  open-hearth 
ingots  and  450,000  tons  of  open-hearth  plates.'  The  average  net  loss 
in  weight  from  pig  iron  to  plates,  on  the  basis  of  the  pig  iron  used, 
was  8.1  per  cent. 

In  the  production  of  open-hearth  structural  shapes,  490,000  tons 
of  basic  pig  iron,  together  with  the  quantity  of  scrap  recovered  and 
reworked,  would  produce  about  612,000  tons  of  open-hearth  ingots 
and  453,000  tooa  of  open-hearth  structural  shapea.'  The  average 
net  loss  in  weight  from  pig  iron  to  structural  shapes,  on  the  basis 
of  pig  iron  used,  was  7.6  per  cent. 

For  particular  plants  there  would  be,  of  course,  considerable 
variation  from  the  foregoii^  approximate  average  results. 

The  requirements  of  cokiiig  coal  for  blast  furnace  use  are  estimated 
at  the  same  quantity  for  consumption  of  1,000,000  tons  of  ore  for  the 
Steel  Corporation  in  1910  as  for  the  computations  ^ven  in  the  pre- 
ceding chapter,  namely,  939,000  net  tons  per  annum. 

In  neither  case  is  any  difference  made  on  account  of  differences  in 
blast-furnace  practice  between  Bessemer  and  basic  pig  iron,  as  these 
differences  were  relatively  unimportant  for  a  computation  of  this 
character.  Other  fuel  requirements  in  converting  pig  iron  into  steel, 
or  in  rolling  steel  producta,  are  taken  on  the  same  basis  as  before  with 
respect  to  Besaomer  steel  producta,  namely,  an  annual  requirement 
of  coal  for  steam  and  heating  of  150,000  net  tons  per  annum.  For 
open-hearth  steel  products,  larger  fuel  requirements  are  involved, 
particularly  for  producer  gas  at  open-hearth  furnaces.  The  annual 
requirement  for  open-hearth  products  here  considered  is. estimated  at 
750,000  net  tons  per  annum. 

The  same  requirement  is  used  for  limestone  as  before,  namely, 
250,000  tons  per  annum. 

Section  3.  Investment  in  raw  Biaterials  and  manufacturing  plants. 

Lake  ore. — The  investment  of  the  Kteel  Corporation  in  Lake  ore 
property  in  1910  has  been  discussed  in  Chapter  XXI.  For  the  pur^ 
pose  of  computing  the  profit  on  investment,  the  Bureau  regards  a 
30-year  supply  of  ore  in  the  ground  as  ample,  and  such  supply  ia 
assumed  for  each  product  in  the  following  computation.  Allowance 
must  be  made  also  for  improvements  of  the  ore-mining  properties. 
The  Bureau  places  the  investment  of  the  Steel  Corporation  in  1^10  for 
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a  30-year  supply  of  Lake  ore,  inctuding  mining  improTements  but 
not  working  capital,  at  182,474,000,  wbich,  on  the  basis  of  th«  ore 
production  in  1910,  namely,  23,264,515  tons,  is  equal  to  $3.55  per 
ton.  This  is  equal  to  $0.12  per  ton  of  ore  in  tbe  ground.  (See 
p.  498.) 

Coal  and  ookb.— The  Steel  Corporation's  investment  in  coal  and 
coke  property,  including  mining  improvements,  equipment,  coke 
ovens,  etc.,  on  December  31, 1910,  as  computed  by  the  Bureau,  was 
198,425,982.  Its  production  of  coke  during  1910  was  13,649,578  net 
tons,  which  required  20,372,500  net  tons  of  coal,  assuming  a  yield 
of  67  per  cent  of  coke  from  tbe  coal.  Its  production  of  coal  not  used 
in  making  coke  was  4,850,111  tons,  giving  &  total  coal  production  of 
about  25,200,000  tons.  This  gives  an  investment  in  coal  and  coke 
property  of  about  $3.90  per  ton  of  coal  mined.  While  the  Steel 
Corporation's  reserves  of  coking  and  other  coal  are  large,  the  Connelts- 
ville  coking  coal  reserves  which  were  owned  in  fee  in  1910  were  probably 
not  in  exce^  of  a  30-year  supply.  It  owned  in  fee  about  56,000  acres 
of  unmined  Connellsville  coking  coal,  which,  on  an  assumed  yield  of 
10,000  tons  of  coal  per  acre,  would  indicate  a  supply  for  about  30 
years  at  the- 1910  rate  of  consumption.  This  does  not  take  account 
of  the  Steel  Corporation's  extensive  leasehold  properties  of  Poca- 
hontas coking  coal,  for  which,  however,  no  large  investment  of  capital 
was  required,  except  in  improvements,  but  upon  the  production  of 
which  it  had  to  pay  a  royalty.  It  is  estimated  that  its  tonnage 
of  unmined  steam  and  heating  coal  in  1910  was  in  excess  of  a 
30-year  supply  at  the  1910  rate  of  consumption. 

It  is  not  practicable  to  state  separately  the  investment  in  coking 
coal  and  other  coal;  but  the  average  investment  of  $3.90  per  ton, 
given  above,  may  be  taken  as  applicable  to  «^ach.  This  possibly 
slightly  understates  the  average  investment  in  coking  coal  and  slightly 
overstates  the  average  investment  in  other  coal,  but  the  difference 
is  not  important  for  the  purposes  of  this  computation. 

Limestone. — The  investment  of  the  Steel  Corporation  in  lime- 
stone property  indicates  an  average  investment  on  the  basis  of  1910 
consumption  of  about  $0.52  per  ton. 

Mandfactuhino  plants.— For  the  manufacturing  plants  of  the 
Steel  Corporation  the  same  data  respecting  the  Steel  Corporation  are 
used  -which  have  been  described  above.  (See  p.  513.)  The  fixed 
investment  in  blast  furnaces,  Bessemer  steel  works,  open-hearth  fur- 
naces, and  rolling  mills  per  ton  of  product  as  computed  by  the 
Bureau,  on  the  basis  of  the  Steel  Corporation's  valuation  of  such 
property  on  January  1,  1908,  and  the  average  annual  output  for 
the  two  years  1905  and  1906  was,  for  the  respective  products  as 
follows; 
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Blast  turuacee&nd  acceeeory  equipmeat,  per  ton  of  pig  iron 110.75 

Beaaemer  steel  works  EiDd  acceeeory  equipment,  per  ton  of  ingots 1.  76 

Open-hBttrth  steel  works  and  acceswry  equipment,  per  ton  of  ingots 7. 38 

Billet  mill,  blooming  mill,  and  acoesBOry  equipment,  per  ton  of  billets 3.99 

Rail  mill,  blooming  mill,  and  accessory  equipment,  per  ton  of  rails 8. 16 

Plate  mill,  slabbing  mill,  and  accempry  equipment,  per  ton  of  plates 13.  67 

Stnictural-di^w  mill,  blooming  mill,  and  accessory  equipment,  per  ten  of 

atructuial  ehapea 10.17 

While  the  above  figures  of  the  average  investment  per  ton  are  based 
on  valuations  at  the  b^inning  of  1908,  and  on  the  average  annual 
output  for  the  two  years  1905  and  1906,  they  are  regarded  as  typical 
of  the  investment  in  1910,  as  the  character  of  the  investment  was 
substantially  the  same,  and  the  average  production  of  the  years 
stated  is  fairly  typical  of  the  average  relation  of  tonnage  to  capacity. 

It  will  be  noted  tiiat  the  investment  in  open-hearth  steel  works 
per  ton  of  product  is  much  lai^r  than  for  Bessemer  steel  works. 
The  latter  has  already  been  considered  in  some  detail.  (See  p.  514.) 
The  investment  in  open-hearth  steel  works  given  above  is  based  on 
7  plants,  comprising  155  furnaces  and  an  average  annual  production 
of  about  4,200,000  tons.  The  average  investment,  as  given  above, 
was  S7.38  per  ton  and  ranged  from  $4.16  at  one  plant  to  $16.12  at 
another.  The  average  investment  in  plate  mills  and  structural-shape 
mills,  as  given  above,  requires  no  special  comment.  In  each  case 
the  averse  investment  per  ton  of  product  was  considerably  higher 
than  the  average  for  rail  mills. 

Section  4.  iHvestment  in  trauportation  faoUitiea. 

In  the  case  of  the  Steel  Corporation,  as  already  noted,  account 
must  also  be  taken  of  the  investment  in  transportation  facilities, 
because  the  profit,  found  by  comparing  the  net  cost  with  the  aver- 
age proceeds,  includes  profits  earned  by  such  transportation  facil- 
ities. Hence,  for  any  particular  product,  that  part  of  the  Steel  Cor- 
poration's investment  in  transportation  facilities  which  is  related  to 
the  integration  cost  and  integration  profit  of  such  product  must  be 
included  in  the  investment  with  which  the  profit  is  compared. 

The  great  bulk  of  the  Steel  Corporation's  transportation  profit  is 
derived  from  the  transportation  of  ore  (1)  by  the  Duluth  &  Iron 
Kange  Railroad  and  Duluth,  Missabe  &  Northern  Railway  from  the 
mining  r^ion  to  the  head  of  the  Lakes;  (2)  by  the  vessels  of  the 
Pittsburgh  Steamship  Co.  from  the  upper  Lake  ports  to  lower  Lake 
porte;  (3)  by  certain  docks  at  lower  Lake  ports;  and  (4)  by  certain 
railroads  running  from  the  Great  Lakes  to  furnaces  south  thereof, 
and  particularly  the  Bessemer  &  Lake  Erie  Railroad,  connecting  the 
ore  dock  at  Conneaut  with  the  Pittsburgh  district. 

According  to  the  Bureau's  estimate,  as  shown  in  Part  I  of  this 
report,  the  investment  claimed  by  the  Steel  Corporation  in  these 
transportation  properties  (including  certain  others  which  it  is  not 
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necessary  to  consider  in  this  connection)  was  somewhat  in  excess  of  a 
proper  amount,  nevertheless  these  figures  are  sufficiently  near  a  fair 
valuation  to  be  used  for  the  purposes  of  the  present  computation. 

While  the  traffic  of  these  transportation  facilities  was  chiefly  in 
iron  ore,  it  was  not  exclusively  so;  moreover,  some  of  these  railroads, 
namely,  Duluth  &  Iron  Range,  and  the  Duluth,  Missabe  &  Northern, 
carried  ore  for  other  shippers  than  the  Steel  Corporation.  Aa  the 
Steel  Corporation's  int^ration  costs  exclude  only  the  transportation 
profit  earned  on  the  carriage  of  its  own  ore,  it  is  evident  that  only 
such  part  of  the  total  investment  in  these  transportation  facilities  as 
is  related  to  the  carriage  of  its  own  ore  should  be  considered  here. 
The  following  table  shows  the  valuations  of  the  fixed  investment  in 
these  ore  transportation  facilities  on  January  1,  1908,  as  claimed  by 
the  Steel  Corporation,  the  approximate  percentage  of  earnings  on  the 
Steel  Corporation's  own  ore  to  the  total  earnings,  and  approximate 
investment  related  to  the  carriage  of  its  own  ore: 


It«III. 

,rS. 

from  own  en 
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Dotath,  Mlsmbe  &  Northecn  %j.  (inchidiDE  3  on  docks) 

94,612,  Kn 

•  71,H».SS3 

'  Leasee  ol  PHtibnrgh,  Beneinec  ii  Lake  Erie  B.  R. 

>  Giclnaive  of  outiUuidiiig  mlDority  Intenit  In  stock  at  Flttabtugh,  Besseraei  &  Luke  Erie  R.  R.aod 
same  proportion  of  boaded  and  mortgage  debt.    (8ee  Part  T,  p,  4000 

'  Aa  oid7  a  eomparatlTfdr  small  part  of  tbe  proBt  of  llie  Elgin,  JoUet  li  Eastera  Ry.  la  samed  In  tbs 
tianeporlation  of  rav  mslsrlals,  no  part  of  (he  InFestment  In  this  road  is  oonsidered  beta. 

The  above  investment  of  171,500,000  may  be  related  to  the  average 
production  of  pig  iron  by  the  Steel  Corporation  in  1905  and  1906  in 
the  same  manner  as  the  investment  in  manufacturing  plants.  On 
this  basis  the  average  investment  in  these  transportation  facilities 
was  $6.81  per  ton  of  pig  iron  produced.  Taking  into  consideration 
the  requirements  of  pig  iron  per  ton  of  billets,  raUs,  plates,  and  struc- 
tural shapes,  gives  an  average  investment  in  transportation  facilities 
used  in  the  production  of  these  products  of  approximately,  $7.73. 
$8.72,  $7.42,  and  $7.37,  respectively,  per  ton  of  product. 

In  this  connection  it  should  be  noted  that  the  investment  in  trans- 
portation facilities  which  is  considered  here  comprises  the  total  in- 
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vestment  (except  for  the  Bessemer  &  Lake  Erie  Railroad  (see  Table 
IdO,  note  2),  t  e.,  without  making  any  deduction  fgr  that  portion 
covered  by  the  bonds  held  by  outsiders.  Inasmuch  as  the  interest 
on  such  bonds  is  not  included  in  the  intercompany  profit  of  the 
Steel  Corporation,  the  profits  are  slightly  understated  in  comparison 
with  the  investment  used. 

Section  5.  Isvestment  in  working  capital. 

The  investment  of  ths  Steel  Corporation  in  net  working  capital 
on  December  31,  1910,  was  1235,908,000,  which  divided  by  the 
tonnage  of  steel  products  sold  would  give  an  investment  per 
ton  of  S21.98.  The  average  investment,  taking  the  investment 
at  the  end  of  each  fiscal  year  from  1901  to  1910,  inclusive,  was 
$22.50  per  ton  on  the  same  basis.  According  to  a  statement  fur- 
nished by  the  Steel  Corporation,  the  average  net  working  capital  by 
months  in  1910,  excluding  working  capital  not  strictly  needed  for 
manufacturing  purposes,  was  $209,360,936,  which  would  give  about 
$19per  ton  of  steel  products  sold.  This,  however,  would  not  give  any 
mai^in  for  financial  exigencies  and,  in  the  opinion  of  representatives 
of  that  company,  would  not  be  sufficient  to  conduct  its  operations  and 
to  meet  such  financial  ex^encies.  From  the  tatter  standpoint  it  was 
claimed  about  25  per  cent  more  was  requisite,  which  would  indi- 
cate a  necessary  investment  in  net  working  capita)  per  ton  of  product 
of  about  $23.75.  After  careful  consideration  the  Bureau  concluded 
that  $22  per  ton  was  s  sufficient  allowance,  this  being  the  amount 
shown  by  the  balance  sheet  of  December  31,  I9I0. 

As  already  explained,  the  amount  of  working  capital  required  per 
ton  of  product  varies  considerably  between  different  products.  A 
lar^e  part  of  the  working  capital  consists  of  inventories,  and  these  are 
higher  per  ton  for  the  more  elaborated  products  than  for  the  average, 
while  they  are  lower  for  the  cruder  or  less  elaborated  products.  Fur- 
thermore, for  heavy  rolled  products  the  conditions  of  sale,  etc.,  are 
such  that  probably  there  is  on  the  average  prompter  shipment  and 
quicker  realization  on  the  shipments  made  than  for  the  more  elabo- 
rated products.  While  no  perfect  rule  of  allocating  working  capital 
by  products  can  be  laid  down,  a  fair  basis  for  approximate  calcu- 
iationa  is  found  by  applying  to  the  net  cost  of  each  product  the  per- 
centage that  the  working  capital  per  ton  for  all  steel  products  sold 
bears  to  the  average  net  cost  of  all.  The  average  net  cost  of  all  was 
$28,88  per  ton,  including  general  expense  but  excluding  depreciation. 
The  ratio  of  working  capital  to  cost,  therefore,  was  about  76  per  cent 
for  all  steel  products  sold.  Consequently  the  working  capital  neces- 
sary for  each  product  may  be  assumed  as  approximately  equivalent 
to  76  per  cent  of  its  net  cost  (excluding  depreciation). 
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The  Bureau  in  each  case  has  adopted  the  nearest  round  figure 
instead  of  the  exact  amount  obtained  by  computation,  and  on  that 
basis  has  allocated  the  requirements  of  working  capital  per  ton  for 
the  products  for  which  the  investment  is  computed,  as  follows: 

Bememer  pig  iron 18 

L«q^  BesBemer  billeti 11 

Beflsemer  luilfi 13 

6pen-heuth  plates 17 

Open-hearth  Btnictural  shaffes 17 

Section  6.  ZnTestmant  and  profit,  by  prodacta. 

The  Steel  Corporation's  approximate  investment  per  ton  for  Bes- 
semer pig  iron,  large  Bessemer  billets,  Bessemer  rails,  open-hearth 
plat^,  and  open-hearth  structural  shapes,  and  the  approximate  rates 
of  profit  thereon  may  now  be  sh^wn.  The  margin  of  profit  between 
the  Steel  Corporation's  1910  integration  cost  and  its  actual  average 
proceeds  (except  for  Bessemer  pig  iron)  is  compared  with  the  esti- 
mated investment  per  ton  for  each  product. 

Bbbsbmeb  fiq  ntON. — The  Steel  Corporation's  approximate  invest- 
ment in  raw  materials,  on  a  SO-year  supply  basis,  in  transportation 
facihties  and  in  plants  and  working  capital,  for  Bessemer  pig  iron  was 
about  $39  per  ton,  as  follows : 

Tabli  1M.— steel  CORPORATION'S  APPROXIMATE  INVESTMENT  IN  HAW  MATEKtALS, 
IN  TRANSPORTATION  FAdLTTIEB,  AND  IN  PLANTS  AND  WORKING  CAPITAL 
REQUIRED  TO  PRODUCE  A  TON  OF  BE8BBMER  PIG  IKON, 

jCalcalatlcHulMaedoDa  plant  witb  m  usnmad  uiinial  producUon  of  M1^  biiu  of  Bessemer  pig  litm 
jaing  Late  on  and  ohlefly  CouHltaviUe  ooke.) 
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The  Steel  Corporation's  integration  furnace  coat  of  Bessemer  pig 
iron  for  1910,  it  will  be  recalled  (see  Table  160,  p.  396),  was  $9.71  per 
ton.  As  already  noted,  the  Bureau  did  not  ascertain  the  additional 
costs  of  general  expense  and  depreciation  for  1910,  but  used  an 
assumed  normal  figure  of  t0.50  per  ton.  This  gives  a  total  inte- 
gration cost  of  S10.21.  As  the  Steel  Corporation  did  not  sell  any 
considerable  quantity  of  pig  iron,  it  is  impracticable  to  show  the.mai^in 
of  profit  and  the  profit  on  investment  on  the  basis  of  average  price 
received.  Comparisons  may  be  made,  however,  with  the  quoted 
prices  for  Bessemer  pig  iron  at  Pittsburgh,  which  in  1910  ranged 
from  S15.50  to  $19.90  per  ton.  If  the  Steel  Corporation  sold  its  pig 
iron  at  such  prices,  its  mai^ins  of  profit  over  its  avert^e  net  costs 
would  have  ranged  from  $5.29  and  $9.69  per  ton,  respectively.  On 
this  basis  its  rates  of  profit  on  investment  would  have  ranged  from 
about  14  to  25  per  cent. 

For  judging  the  reasonableness  of  prices,  the  profit  per  ton  and 
the  return  on  the  basis  of  the  forgoing  approximate  investment 
are  set  opposite  a  scale  of  prices  ranging  from  $12  to  $24  per  ton. 
Within  the  five-year  period,  1907  to  1911,  the  highest  quoted  price 
was  $24.40  in  1907,  and  the  lowest,  $14.90,  in  1911. 
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Labge  Bsssbukk  billets. — ^The  Steel  Corporation's  approximate 
investment  in   raw   materials,   in   transportation   facilities,   and  in 
fixed  property  and  working  capital  per  ton  of  large  Bessemer  billets, 
was  about  $53,  as  shown  in  the  table  following. 
77232°- 
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TULE  Ua.'-STEEL  COBFOBATION'B  AFPSOXDCATB  INVBSTUENl'  IN  RAW  HA.TEBUL8, 
IN  TRAMBPORTATION  FACILITIES,  AND  IN  PLANTS  AND  WORKINa  CAPTTAI 
fi£QUIR£D  TO  PRODUCE  A  TON  OF  LASOE  BEBSEHER  BILLETS. 

[Calculatlau  beasd  on 


Approil- 
tnveatiiient 


CoUugcosl.liicIndlagmiaelmpioTemeiits,  equipment^ 


BIbM  (amaouHiidtooenrayeqaipiiunt— . 
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I  On  the  basis  of  ■  30-year  supply. 

>  N«t  Una. 

'16.81  per  ton  of  ptglnm.    (Seep.5».) 

•  This  nn-Ung  capital  eorers  the  entire  bualness  ol  producing  billets  from  the  mlnn^  of  the  an. 

The  Steel  Corporation's  integration  mill  cost  of  lai^e  Bessemer  billets 
for  1910  (see  Table  176,  p.  450),  was  $13.35  per  ton.  The  additional 
cost  for  general  expense  and  depreciation  for  1910  may  be  assumed  at 
11.10  per  ton.  Adding  this  to  the  above  mill  cost  gives  a  total  coat, 
on  an  int^rated  basis,  of  {14.45  per  ton.  It  is  possible,  however, 
that  the  Steel  Corporation's  mill  cost  of  $13.35  per  ton,  as  stated 
above,  was  less  than  it  would  have  been  had  it  produced  all  of  its 
lai^e  billets  for  sale  instead  of  a  lai^e  part  for  further  conversion. 
(See  p.  453.) 

The  average  proceeds  of  large  Bessemer  billets,  blooms,  and  slabs 
for  the  Steel  Corporation  in  1910  were  $22.40  per  ton.  If  the  proceeds 
for  large  Be^emer  billets  alone  were  taken,  they  would  probably 
average  a  little  higher,  perhaps  enough  to  offset  the  additional  cost 
of  billets  produced  for  sale.  The  margin  between  average  cost  and 
price,  therefore,  was  about  $7.95.  On  the  basis  of  an  investment 
of  $53  per  ton,  the  indicated  average  rate  of  profit  was  15  per  cent. 

A  scale  of  prices  ranging  from  $18  to  $30  per  ton  may  be  used  as  a 
basis  for  judging  reasonable  profits.  Within  the  five-year  period 
1907  to  1911,  the  highest  quoted  price  was  $30.50  in  1907,  and  the 
lowest,  $19  in  1911. 
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At  a  selling  price  of  $24  per  ton,  which  was  under  the  arerage 
quoted  price  for  1910,  the  indicated  return  on  the  inveetment  would 
be  18  per  cent.  Hie  profit  on  billets  at  $22  per  ton  would  be 
equivalent  to  14.2  per  cent,  while  even  at  $18  it  would  be  equivalent 
to  6.7  per  cent. 

Bbsbemes  bails. — On  the  foregoing  basis  the  Steel  Corporation's 
approximate  investment  in  raw  materials,  on  a  30-year  supply  basis, 
in  transportation  facilities  and  in  fixed  property  and  working  capital 
I>er  ton  of  Bessemer  steel  rails  was,  roughly,  $65  per  ton,  as  shown  in 
the  following  siunmary: 

TiBLS  103.— STEEL  CORFORATION'B  APPBOXMATE  INVESTMENT  IN  KAW  MATERIALS, 
IN  TRANSPOBTATIOK  FAaLITIES,  AND  IN  PLANTS  AND  WORKJNQ  CAPITAL 
REQUIRED  TO  PRODUCE  A  TON  OF  BESSEMER  RAILa 
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The  average  proceeds  per  ton  for  Bessemer  steel  rails  sold  by  the 
Steel  Corporation  in  1910  (including  export  sales)  were  $27.45  per 
ton.  The  Steel  Corporation's  integration  mill  cost  of  Bessemer  steel 
raib,  as  shown  on  p^e  461,  was  $15.37  per  ton.  Allowing  for  an 
assumed  normal  additional  cost  for  general  expense  and  depreciation 
of  $1.30  per  ton,  gives  a  total  integration  cost  of  116.67  per  ton. 
The  margin  of  profit,  therefore,  was  $10.78  per  ton.  On  the  basis 
of  an  investment  of  $65  per  ton,  such  a  profit  would  be  equivalent 
to  16.6  per  cent. 

This  calculation  indicates  that  the  regular  price  of  $28  per  ton  for 
steel  rails  is  a  highly  remunerative  one. 

Using  a  scale  of  prices  ranging  from  $20  to  $30  per  ton,  the  return 
upon  the  above  investment  would  be  as  follows: 


Aswmed 

Estunated 
profll  (cosl 
Jlfl.fl7). 

Percent  ■ 
InvBSlmeot 

130.00 

w.ot> 

JO.  00 

».33 

J.  83 

13.13 

M.i 

Opjai-HEARTH  PLATES.— For  open-hearth  steel  plates,  both  sheared 
and  universal  plates,  the  Steel  Corporation's  approximate  total  invest^ 
ment  in  raw  materials,  on  a  30-year  supply  basis,  in  transportation 
faciUties,  fixed  property,  and  working  capital  per  ton  of  production, 
was,  in  round  figures,  $83,  as  is  shown  in  the  summary  following. 
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TiBLE  IW.— STEEI-  CORPORATION'S  APPROXIMATE  INVESTMBNT  IN  HAW  MATERIALS, 
IX  TRANSPORTATION  PACIUTIEa,  AND  IN  PLANTS  AND  WORKINQ  CAPITAL 
REQUIRED  TO  PRODUCE  A  TON  OF  OPEN-HEABTH  STEEL  PLATES. 
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1  On  Uie  basis  Ota  30-year  supply. 

24.) 

«  of  producing  plates  from  themTnlngof  tUedte. 

The  average  proceeds  of  the  Steel  Corporation  id  1910  were  (30.81 
per  ton  for  universal  plates  and  $31,92  for  sheared  plates.  The 
average  proceeds  for  both  kinds  taken  together  were  about  S31.43 
per  ton.  The  Steel  Corporation's  integration  mill  cost  of  open-hearth 
sheared  plates,  as  shown  by  Table  182,  page  469,  was  $21.76  per  ton, 
its  integration  mill  cost  of  open-hearth  universal  plates  (p.  475),  was 
$19.86  per  ton,  and  the  true  average  cost  for  both  was  $20.92  per 
ton.  Adding  to  this  the  assumed  normal  additional  cost  for  general 
expense  and  depreciation  of  $1.80  per  ton  gives  a  total  cost  on  an 
integrated  basis  of  $22.72  per  ton.  This  would  indicate  a  profit 
margin  of  $8.71. 

On  the  basis  of  an  estimated  investment  of  (S3  per  ton,  as  given 
above,  this  profit  indicates  a  return  of  about  lOJ  per  cent. 

The  profit  per  ton  and  the  rate  of  return  on  the  basis  of  the  fore- 
going investment  are  shown  below  opposite  a  scale  of  prices  ranging 
from  $24  to  (38  per  ton.  Within  the  five-year  period  1907  to  1011 
the  lowest  quoted  price  (Pittsburgh)  was  $1.10  per  hundredwwg^t 
($24.64  per  ton)  in  1911,  and  the  highest  was  $1.70  per  hundred- 
weight ((38.08  per  ton)  in  1907  and  1908. 
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The  profit  on  plates  at  a  price  of  $32  per  ton,  which  waa  ahout  tie 
Average  quoted  price  at  Pittabui^h  for  1910,  on  the  basis  of  the 
computed  iurestment,  would  be  equivalent  to  11.2  per  cent.  At  a 
seUing  price  of  S30  per  ton  the  profit  would  be  equivalent  to  8.8  per 
cent,  and  at  $28  .per  ton,  6.4  per  cent. 

Open-hbabth  btbuctueai.  shapes. — The  Steel  Corporation's  total 
investment  in  fixed  property  and  working  capital  required  to  produce 
open-hearth  structural  shapes,  was  about  $79  per  ton.  In  the  follow- 
ing table  the  investment  in  raw  matmals  on  an  approximate  30-yesr 
supply  basis,  in  transportation  facilities,  in  plants,  and  in  working 
capital  is  summarized:  { 

TlBLI  lU.— STEEL  CORPORATION'S  APFBOXIUATE  INVESTUENT  IN  RAW  UATEBULS  ' 
m  TRANSPORTATION  PACILITIBS,  AND  IN  PLANTS  AND  WOBKINO  CAPITAL 
REQUniED  TO  PRODUCE  A  TON  OF  OPEN-HEARTE  STRUCTURAL  SHAPES.  I 
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1  On  the  basis  o(  s  3*-year  supply. 
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The  average  proceeds  of  the  Steel  Corporation  in  1910  were  $31.95 
per  ton  for  heavy  Btructural  shapes.  The  Sted  Corporation's  inte- 
grated mill  cost  of  heavy  open-hearth  structural  shapes  for  1910 
(see  Table  184,  p  476)  was  $20.80  per  ton.  The  normal  additional 
cost  for  general  expense  and  depreciation  are  assumed  at  $1.70  per 
ton,  which  gives  a  total  int^rated  cost  of  $22.50.  This  indicates  a 
profit  of  $9.45  per  ton.  On  the  basis  of  an  average  investment  of 
$79  per  ton,  the  rate  of  return,  therefore,  was  12  per  cent. 

The  profit  per  ton  and  the  rate  of  return  on  the  above  investment, 
using  a  range  of  prices  from  $24  to  $38  per  ton,  are  shown  below. 
Within  the  five-year  period  1907  to  1911,  the  lowest  quoted  price 
(Pittsburgh)  was  $1.10  per  hundredweight  ($24.64  per  ton)  in  1911, 
and  the  highest  price  was  $1.70  per  hundredweight  ($3S.0S  per  ton) 
in  1907  and  1908. 
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The  average  quoted  price  for  structural  shapes  was  $32.57  in  1910. 
At  a  selling  price  of  $32  per  ton,  the  profit  as  related  to  the  foregoing 
investment  would  be  equivalent  to  12  per  cent;  at  a  price  of  $30  per 
ton,  9.5  per  ceat;  and  at  $28  per  ton,  7  per  cent. 
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[In  doOan  per  groas  too.) 
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Tablb  IV.— Atkraob  C<wr  op  Coal  Usao  in  Makino  Coxb,  Wabtb  im  CoEiNa, 

COBT     OF     COKINQ,    AMD     ToTAL     CoST     OT     BbBSIVB    GoH,     BiBWNOHAU     AND 

PooABOHTAS  DiSTBicn,  1902-1906— Continued. 
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Table  V.— Avbraqe  Book  Cost  ot  Bbsbbhbb  Piq  Iron,  by  Districts,  1902-1906, 

[In  dollui  per  gmaa  ton.] 
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.m 

.28 
.01 

"1 
;i4 

K.96 

1 

I7.S2 

:o7 

K.sa 

ii 

Si 

w 

.24 

14.28 

.31 
.23 

.X 

.17 

14.  tt 

AddiUonal  ocMt: 

13.61 

14.84 

12. « 

12.74 

14.18 

Cross  Uma  produced , 

3,108.118 

3,141,986 

2,870,930 

3,843,981 

3,778,878 

18,641.876 

:t3 

iia 

3!  38 

I 

.24 

!43 
.00 
.08 

:i4 

.22 

17.98 
2.G2 

:69 
.   .05 

ice 

'.la 

2J 

13.02 
!41 

13.37 
'.33 

12.23 

iai 

12.B2 
21 

:36 

.33 

.40 

Addltiooalooit: 

13.7.1 

14.54 

12.79 

13.09 

14.17 

.A'Oo^lc 


GENBKAL  TABLES. 


WHSEUNG  DISTRICT. 


Itam. 

1903 

iBoa 

im 

ITO 

IMS 

Total  Bnd 

1.0(1,112 

m,tx 

m,m 

i.m,iM 

1.4a7,DU 

1 

:i2 

r.«i 

1.08 

:iB 

I7.M 

I 

.28 

17.07 

1 

.06 
.21 

!oi 

r.74 

4.  IS 

■s 

.10 
.18 

■1 

»B 

^«i,'i^^^,"""''^'■■■■'' 

■Si 

ia.ao 

:33 

11.  E3 

11.71 
.38 

12. « 

13.M 

.2S 

ia,8B 

1S,W 

13.  S6 

2.08 

14.  as 

EASTERN  DISTRICT. 


1,224.  we 

1,288,SM 

1.017,741 

1,*H,41S 

1,40S,»4 

1 
1 

l.Ot 
.20 

:l! 

.36 
.10 

1 
:» 

le.so 

1 

:oi 

17.34 

'1 

'S3 

.ae 

SSsStL..: 

i23 

.21 
M 

.M 
.21 

.20 
.» 

.21 

.21 

QenBTftl  and  mSscBlIaneoiu  ex- 

H.B7 

li.72 

11.18 

13. 9» 

18.22 

Table  VI.— Avbkaob  Book  Cotrt  or  Basic  Pio  Irom,  by  Dwtricts,  1902-1906. 
[In  dollHt  pB  groa  WD  J 


,»., 

1KB 

iBoa 

im 

ISOS 

100« 

ratal  and 
■venia. 

S3,338 

181,720 

36a.Me 

4W,«0T 

16.12 
4.32 
.28 

.60 

:os 

.23 
.35 

.OE 

u.ea 
i.oe 

1 

,>« 

.13 
.06 

•I 

.06 

!io 

.21 
.30 

.06 

.n 

12.H 

13.70 
.30 

12.30 

13. 30 

ia.06 

'  No  prodncUon  reported  lor  U03  Hid  11 
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■A'Oo^lc 


THE  STEEL  INDU8TBT. 


Tabu  VI.— Atuuss  Book  C 


VALLEY  DI8TBI0T. 


Item. 

>» 

IKS 

19IH 

itw 

■» 

ToWud 

1^: 

OronMunrDdund 

131,815 

181. 2» 

181,709 

m.iTi 

S08,«« 

1 

'.ae 

'  :oi 

1 

.n 

1:IS 

■1 
:o9 

.3b 

;o3 

!03 

.'08 

le.os 

'I 

.30 

.02 

■« 

Wfinitanmua  snd  geixnl  worki  ts- 

36 

13.03 

.34 

.32 

!« 

11.  te 

:is 

12.  M 

:iT 

'■^^at,.:.,^'^^ 

■?f 

13.31 

16.84 

13.88 

12.  sg 

U.OT 

FITTSBUROH  DISTRICT. 


887.430 

774,  (ttO 

1,282,784 

1,»7,.1« 

1,082,430 

0,7H,»3 

17.07 

:58 

I7.3fi 
3.M 
.4S 

:!S 

'.m 

10,  OT 
3.80 

:4o 

.23 

!a2 

JT.IS 

iia 

.33 

(T.m 

3.2S 

:S 

.07 
.00 

a 

S»^s^'"^"^^^"-- 

io 

.39 
.34 

:33 

'•ji 

11.09 

.90 
.18 

II.  OS 

AddiUontUcnt: 

.» 

13.30 

13.  M 

"■•' 

13.08 

11.  «8 

WHEELXNG  DIBTBICT.i 


<!,»• 

iM.«a 

300,060 

318, 4» 

n7,i»s 

.00 

!40 
.40 

:f. 

iso 

.33 

:22 

■ss? 

.80 

.go 

.30 
.13 
.08 

.34 

17.48 
4.01 
.63 
.80 
.30 

1S.8J 

13.00 

13.18 
.IB 

14.84 

!40 

a 

U.81 

11.30 

13.44 

i».« 

>  No  prodnotloD  rqioctMl  lor  U 


n,s,t,..d:,i.  Google 


GBKEKAL  TA6LBS. 


Tablb  VI.— Atbkaih  Boox  C 


545 

ieoz-igD»- 


SUTEBN  DIBTItlCT. 


Itam. 

.^ 

1903 

1*04 

■«. 

.«» 

Total  and 

a,m 

3e,BU 

S4,«3 

11S,TS3 

174,BM 

411,  SM 

•J;| 

.38 
.13 

37.73 
3.11 

!m 

.18 
.» 
.31 

.40 

•a 

.41 

:» 

.23 

.10 

.30 
.10 

'.IS 

17.43 

3.30 

:i8 

'.w 

:» 

M.l«l^U>'^^;^d>ialiit^'ui^' 

.36 

l^™u^™«idg««.l-orta». 

IS.  30 

:» 

13.39 

11.83 

.» 

.31 

11. 11 

!»7 

H.OD 

13. 8t 

li.7 

11.  u 

U.40 

|Id  dallm  p«i  gna  ton.) 


Item. 

1«B 

1903             19tM 

1906 

100& 

Total  and 

879,357 

MO.  740        S77, 

847 

764. 884 

SOI.  670 

3,144,414 

316.87          314 

lio 

.08 

30 

14 

10 

20 

"1 

.18 

S 
1 

01 

1 

.08 

Hlseelluicous  BOd  geiieiM  works  «i- 

.14 

.18 

16.33 

18.13           lA 

4t 

10.  M 
.37 

18.07 

:89 

AddtliDaslont: 

10.26           UL 

11 

19.38 

n,s,t,..d:,i.  Google 


THE  STEEL  INDUSTET. 


LAEE  ERIE  DISTRICT. 


Item. 

1902 

1W3 

1«M 

IMS 

1906 

Tot^lDd 
avmge, 

OmwtoMDiiKluwd 

mo.m 

m,m 

661,474 

800,  «E 

i,0M,sm 

lit.ee 

.39 
M 

.10 

1 

"*■« 

!oi 
!o6 

.09 

%U.ti 
.39 

'.41 

:o9 

26 
20 

■« 

.11 

16. 5S 

17.91 
.81 

10.  M 

11.97 

1S.M 

19.  la 

16.« 

17.36 

VALLEY  DISTRICT. 


PITTSBURGH  DISTRICT. 


7M,M7 

1,346,171      1,673, 

M2 

1743  488 

1 

.13 

!49 

:i7 

!08 
.14 

29 
01 
fl7 

20 

23 

ssssrc"-*""-" 

.« 

.14 

.11 

.38 

IS.  42 
.62 

.48 

86 
38 

IB.  13 

.98 

.38 

Addltkuial  cost: 

Oeiwral  and  mUtoUatiMius  ei- 

17.71 

16.83            16 

29 

QroM  tons  produced 

2,162,501 

1,842,807 

1,787,048 

2,232,6*8 

2,262, 9M 

10,287,399 

:io 

115.77 

i02 
.01 

:| 

813. 93 
!l3 

"■i 

!48 
.11 

"^?, 

49 
U 

M^^'^'^^™^^^ 

.« 

.14 

jj 

17.29 

17.82 
138 

18.49 

:2» 

U.68 

:6o 

OMwnl  md  mlacellaDMtu  ei- 

18.28 

18.41 

16.17 

16.89 

■iCoo^lc 


GINEBAL  TABLES. 


WHEKLINQ  DISTRICT. 


,».. 

ITO 

IMS 

.^         ,^ 

1^ 

Total  HDd 

GnMtattprodootd 

l,cm.T23 

8n,7«0 

TtO.337     l.m. 

HQ 

1,K».980 

5,«ifl,332 

■1 
1 

.11 

1 

.u 

02 

i 

ot 
ot 

10 

"'1 

!ii 

02 
TO 

■!i 

.13 

18.35 

».ao 

18.10            Id 
.23 

01 

X 

28 

n.jti 

.35 

*"c£S,"2,»»u™<™„. 

le.M 

».» 

M 

•»■« 

1 

[Id  doHaJB  pBr  groBa  too.] 
CBICAOO  AND  WESTERN  DISTRICT. 


Item. 

.» 

1M3 

1^ 

1805 

1.08 

avarap). 

Gross  toM  produced 

1,068,788 

1,006,287 

780, 8M 

1,139,763 

1,136,018 

S,  131. 480 

■"1 

'.2\ 

114.08 

:o9 
:i5 

S15.04 

1S9 

.20 
.08 
.10 

:i7 

i 

09 

.10 

.« 

18 

15.00 

.flZ 
1.43 

■     17.87 

1.13 

.87 

15.65 

16.18 
^33 

17.34 

:e7 

Additional  csost: 

1T.«5 

"•■" 

16.« 

i8.n 

n,s,t,..d:,i.  Google 


LAKK  BRB  DUTBIOT. 


IMU. 

u» 

un 

™. 

1„ 

1„ 

TotaJud 
Sjtm. 

wi,e34 

3».flW 

«7,>M 

soa,<HS 

i.<m.ii«i 

tl4.13 
.IS 

"1 

.01 
.M 
.34 

.K 

.a 

:oi 
:it 

.21 

•14. 

.23 

1S.M 

.« 
.96 

17.38 

IS.  88 

i7.«a 

DgSSias;:::::;;  ::::;:::;:::: 

.« 

18.38 

X.M 

B.01 

17.« 

U.B* 

VALLEY  DlBTRICT.i 


3^,833 

408,301 

17B,3« 

321,830 

114.04 
.83 

:» 
:i2 

115.68 
.83 
.02 
.S2 
.20 

:S 

.06 
.M 

.01 
.37 
.13 

.0* 
.08 

(14.31 
.48 

■1 

!04 
.IH 

.10 

:S 

17- « 

:4j 

itni 

.13 

U.8S 

.M 
.44 

"■SS.'S,™^.^™.... 

17.09 

18.  S9 

IS.  21 

1«.4S 

„. 

PITTSBURGH  DIflTRICT. 


884,773 

891,098      «ee, 

m 

906,413 

™ 

•    .48 
OS 

:i 

.00 

.11 

-AS 
.48 

•s 

1 

07 
03 

(13.78 

1 
lot 

.13 

"fx 

43 

1 

lib 

.18 

,j 

r. 

13.48 
.38 

:S 

U 
27 

iB.a» 

.26 
.3G 

18.72 
.38 

18.32 

,7.1.           1. 

33 

u.n 



_ 

1  No  production  rapgrted  Ibr  1904. 


■A'OO^k' 


QBNBBAL  TABLES. 


BAgTBKN  DWTKICT. 


Item. 

1M2 

1903 

I«M 

IMS 

1906 

Total  and 
avoage, 

■mdiiod 

1,J19.W7 

1. 202,860 

MT,SS3 

1,1S0,«M 

1,JBS,370 

6.8ra,961 

H7.M 
:2(l 

wtos 

.80 
.18 

iis 

:» 

its 

ntt.09 

J3 

n 

20 

» 

Material  in  leuln  uid  matatenan™. 

30 

■  X 

.17 

18.90 

30.06 

.29 
.40 

11.  SI 

17. « 

19.73 

OBneral  and  mlscelboBoua  bi- 

JO.TS. 

17.30 

!..« 

(Id  ddlan  pa  gross  toD.l 
CHICAGO  AMD  WESTERN  DISTRICT. 


.». 

1903 

1«. 

1904 

!«« 

1806 

Total  and 

287,381 

280,778 

367,906 

'6M,4iS 

921,718 

"1 

!oi 

.09 
'.X 
.24 

•I 
.33 

.31 

1.08 
1.18 
.M 

139 
.3» 

tis.w 

J 

.CB 

:3g 

814.  U 
1.33 

1 

.37 
.41 

■1 

17.34 

1B.9S 
:88 

16. 9S 
III 

17.31 
'.IS 

.49 

Additional  oMt: 

19.80 

31.34 

18.33 

17.91 

30.16 

n,s,t,..d:,i.  Google 


eso 


3?&B  BTEfiL  QTStraTST, 


LAES  XBIB  DIBTBICT. 


Item. 

.», 

.» 

.^ 

r^ 

Total  Md 

OiouMnsDrodixml 

a,  eel 

U,Tea 

i3a,j« 

311. m 

tW,722 

1,111,687 

'1 

.36 

«B,37 

.as 

"1 

.08 

!38 
.30 

tu.zi 

'.K 

:S 

816.78 

hOl 
1.0» 
.OS 

!as 

.88 
.38 

SE£EEEE;£ 

.H 

■^ 

18.38 

1».»0 
.»7 

17.  BS 
.M 

IT.  08 

IS.  91 

■s 

AddlUonal  oasC: 

»71 

91. 40 

laa 

«L« 

2t.IS 

VALLEY  DISTRICT. 


114,214 

200,  JB6 

2n3,»a 

880,808 

081,331 

1,680,401 

ti4.4e 

'.K 

1 

tie.M 

1 

113.  U 
.26 

i 

.00 

1 

.34 

.28 

•12.88 
:73 

:2o 

184 

:89 

:i3 

.23 
!42 

Supplies  and  fiMite 

Ht»«11ui«oiu  and  general  woitoex- 

!s 

:S 

;s7 

18,81 

u-se 
■1 

.30 

.22 

*"!£S,"Si —»<-,„. 

I..* 

32.73 

17.78 

18.60 

10.  BS 

3,148,873 

s,«o,m 

2,386,080 

3.370,322 

3,978,838 

(14.00 

1 
1 

:8o 

!08 

:i8 

.32 

!28 

81Z.S8 
.20 

^48 

.03 

1 

!88 

'.n 

.43 
.08 

1 
;i8 

:t3 

.43 

:1 

.22 

.10 
.13 

Hl»eUwieou»  end  i^ai  worta  ei- 

.87 
.40 

.48 
.43 

.41 

.33 

16.31 
.36 

.S3 
.38 

"'Ki»S,,««u«^„. 

17,88 

18.82 

W.M 

18.83 

•T.I4 

■iCoo^lc 


Taxlb  IX.— Av«a*.OB  Boi 


0BN8EAI.  TABLES. 


WHBKLINO  DISTBICT. 


..„. 

i«n 

1«Q3 

■» 

1906 

■» 

ToUlud 

By«BB,' 

fii,<n! 

ui,n4 

118,008 

107, 7M 

411,200 

tlB.OS 
.S3 

.10 

l.tf 

l.OS 
.07 
.30 

.U 

119.27 

'1 

.K 

.27 

tl3.21 

,23 

1.01 
.E8 

i2S 

:S 

.IE 
.11 

•18.01 

1 

ii 

.18 

tia.88 

.30 

!si 

.S7 

:£ 

IlO 

'31 

2S 

32.n 
.u 

S.DO 

10.  U 
.10 

.IS 

19.00 

.X 
.42 

"'Si'^i,,,*-™,™^ 

22. «. 

23.  7g 

18.89 

18.10 

20.08 

EASTS RN  DISTBICT. 


tmsoroduoed. 

011,130 

008,000 

172,081 

770,817 

808,838 

3,303,011 

'"1 

1.50 

:u 

'.ss 
.« 

.17 
.10 

1 

'1 

-.33 

'1 

l!20 
.00 
.18 

.a 

814.80 
:43 

ioi 
:S 

'-:!5 

.48 

I.  a 

.04 

:37 

.14 

.■30 

Mlsoeltaneous  snd  goniral  wofia  si- 

11. 4B 
.80 

22.02 

18.83 

.81 

IS.  74 
^48 

20.80 

AddlQanal  rant: 

22.78 

23.01 

10.17 

10.78 

2L3S 

SOUTHERN  DISTRICT. 


taTUDroduoed 

178,100 

182,888 

178,087 

240,  «i7 

255,485 

1,007,820 

tlS.41 

■1 

iso 

148 

81407 
lio? 

1 

til. OS 

1 

.40 

.9* 

.40 

.80 

(12.29 

'.18 
1.87 

1 

!80 

1 

loo 

811.74 

.00 

10.08 
.0! 

20.10 

17.38 

20.01 

.01 

AddltitEial  ooat: 

]..or 

20.10 

17.38 

18.20 

20.62 

..iL.oo^lc 


Taslk  X.— Avebaob  Book  Cobt  i 


THE  STEEL  INDVSTBY. 


[In  dvUan  pet  gna  tao.) 
LAKE  ERIE  DIBTKICT. 


Item. 

1902 

leos 

ISM 

190S 

1908 

•veragB, 

32, 37* 

as, TBS 

3S,T5B 

23,0«S 

26,685 

•■a 

lis.aa 

1.23 

.06 

'.fH 
.30 

(14.63 

.07 

:o7 

.30 

!04 

.11 

Hs.a) 
!a4 

.14 

^^■^■^i^^ 

.10 

18.24 

19.47 

.OS 

18.10 

:3i 

17.  w 

!43 

18.58 

20.  M 

20.  »4 

10.6* 

».ao 

20.03 

PITTSBURGH  DISTRICT. 


^^ 

lSt,l«3 

117,  7I» 

LM,42a 

217,430 

2S0,B§O 

«-« 

•"■s 

"':^ 

"^1 

'.Si 

'lO 

.18 

.20 

-g 

1 

.36 

.21 

'.u 

.04 

111 

■K 

31.03 

:S 

llLOfi 

.S3 
.14 

U.fl4 

.40 
.23 

18.63 

'.it 

Additional  cost: 

Jill 

"■■" 

10.81 

18.63 

10.48 

EASTERN  DISTRICT. 


178,194 

138,812 

103,  IM 

170,239 

181,051 

1 
■s 

«9.69 

•"-.s 

.49 

.8S 

l.«D 

:2i 
:o9 

L26 

1 

:o7 

1.24 

1 
:o7 

1.38 
.OS 

:S 
:o8 

^iS^'"^^- 

.4) 

.41 

.B» 

14.91 

.TO 
.41 

21. 9T 

.78 

:U 

AST 

AddiUomJost: 

».1» 

38.10 

S.18 

3114 

IX  47 

.iL.oo^lc 


Tasu  XI.— Avbraob  I 


aamsHAL  tables. 


658 

r  DiBTBiOB, 


CHICAGO  DISTRICT. 


Item. 

1902 

IMS 

toot 

in: 

ine 

ToUlond 

NI.Z^ 

JTfl,B« 

4B0,WS 

fiTl,83B 

««,S6S 

2,4»,S!2 

"1 

ill 

"f 
'.z 

.04 

I17.B1 

1 

.21 

»i8.r8 

.16 
.M 

.a 

Sf^rsT'i'.^'^.rr: 

.13 

.11 

18.  M 

jaM 

IS-U 

1.30 

i».a 

.35 

70.  u 
,91 

^■^'"^r.1£an,i«.u™™ex. 

M.M 

Vl.tS 

IB.W 

21.64 

LAKE  EBIB  DIBTEICT. 


„           ,„„     ™.H.^ 

606,944 

m.m 

617.966 

762,876 

1,062,196 

8.*39,4Ja 

tlB.« 

!41 
.03 

!o4 

118.99 
.43 

'.» 
.02 

J1S.72 
.02 

(16.66 
,39 

1 

!os 

,13 

«1B,SS 

67 

36 

04 

MaterialslQ  repaln  uid  Dulnteduice. 

.13 

.16 

i«.n 
.so 

1.48 

19.  M 

1S.» 

16.80 
'.X 

17.69 

n.37 

u.» 

17.64 

19,27 

bHUDTOdlKWl 

336,883  1       187,825 

386,398 

488.627 

827,217 

3,008,849 

•13,93 

'    1 

!os 

.ao 

:73 

.33 
.09 

.40 

'.a 

'.to 

'.at 

318.79 

1 

.06 

•18.47 

■i 

:o8 

Ssrr^''^"^^ 

■^s 

30.  S4 

.47 
,26 

34.23 
.83 

.83 
.06 

18,16 
.40 

19.09 
.46 

21.86 

36.00 

19.19 

18.81 

M,76 

n,s,t,..d:,i.  Google 


THE  RTESL  HTDTTSTBT, 


FITTBBCBaH  DISTRICT. 


Itsm. 

.«, 

,«. 

IMH 

,«. 

,» 

Tola]  mil 

Oto«t*™pr«lu™d 

I,l82,ffl9 

1,1U,IHI8 

1,103,873 

l.Ue,437 

l,4SS,3Jfl 

0.433, 443 

J17.8S 

'.m 

(18.41 

'.m 

•^'Jo 

.01 

.07 

:oo 

U7.66 

:oB 
:o8 

s 

ltl.lO 

■s 

17.00 

.38 

17.61 

.39 

18.87 

.43 
.00 

Addltkmaloort:" 

30. » 

30.  M 

1S.« 

18.04 

ig.to 

817,6M 

377,318 

704,091 

438, EID 

2803  S04 

(IB. £7 

:is 

ei-ii 

ill 

.43 

1 

110.94 

!oi 

13(1.33 
!30 

08 
30 
01 

i! 

.13 

30.93 

.J7 
.40 

33.18 

.30 

.38 

18.80 
'.23 

18.10 

.38 
.33 

31.04 

.38 
.03 

Additional  cMtr 

31.70 

23.83 

18.71 

33.40 

DIDdDOed 

19S.837 

13S,613 

160.BM 

145,390 

-r.0  0.. 

:i4 

'.3S 
.07 

i!oo 

:« 

.00 

:3t 

.07 

S20.3fi 
.91 

'.m 

.20 
.07 

49 

UBterlBli  bi  rei«ira  uid  nulnteniinoe 

.30 

.10 

31.07 

'.74 

22.08 

18. 8S 

'.no 

18.  »8 

23,  SJ 
.36 

AddfllonfllcOTl: 

32.70 

33.84 

l«.gl 

33.13 

.;,  Google 


QBHBBAL  TABLES. 


lOinpaEraBlan.] 

■)  WESTEBN  DIgTBICT. 


IMS. 

■» 

.» 

ItM 

IMS 

■», 

Tobkland 
Bysin. 

M,»0 

•T.BTJ 

106,  TOT 

a84.3W 

S«l,801 

"1 

'.<a 

:S 

«S.« 

;S 

.06 
.It 
.08 

na.w 
1 

'.27 
.!» 

1 

;o6 

.21 

s; 

4S 
«0 

.23 

1S.M 

.70 
l.W 

n.16 

JO.  33 
l.U 

.so 

.16 

12.34 

!t9 

n.a 

M.sr 

11.41 

22.07 

39.68 

LAKXE 

RIB  DTB1 

BICT. 

68,914 

78,017 

lis,  no 

179,481 

432,187 

970  «» 

"1 

•i 

tao,N 
'.on 

.14 

"I 

818.411 

!46 
.06 

.24 

'.a 

.30 
.04 

.13 

•i! 

H^MUaneoiu  snd  giU^  worin'ei- 

..J 

u.is 

■:!S 

:S 

30.29 

22.59 

"•KS,1£™,,^„. 

33.06 

.,.18 

"" 

14.00 

VALLEY  AND  WHEELING  DISTRICTS. 


t<auiirodac«d 

69,370 

177,208 

348. 

in 

686,031 

719,250 

1.078,483 

.22 
.63 

.31 

:o4 

H7.37 

loi 

.11 

618.41 

.50 

;o3 

!o4 

67 

43 

OS 

.23 

.11 

11.71 
.47 

36.08 

.73 
.40 

":» 

.30 
.48 

13.76 

37.07 

in.  37 

20.  Bl 

n,s,t,..d:,i.  Google 


THE   STEBL   INDUSTRY. 


PITTBBURaH  DIBTBtCT. 


,„.. 

ItOl 

,„ 

.«- 

1005 

,„ 

Total  and 

419,131 

sn.sti 

1,M0,1»4 

2,  OB,  780 

2,478,183 

118.  SI 

:S 

.30 

,10 

.32 
.06 

.13 

T, 

.00 
.11 

'1 

1 

4* 
OB 
Zl 
03 
IS 

:S 

.13 

19.10 
.37 

IS.W 

.4S 

.48 

IT.  08 

u-ge 

.38 

»T» 

30. 96 

17,40 

17.88 

EASTERN  DISTRICT. 


SOUTHERN  DISTRICT.! 


aroatooa  produced 

178,978 

435,810 

3«,188 

337.064 

KM-SB 

•      iio 

.38 

.33 

■     133.81 
.88 

1 

.09 
.33 

S22.S8 

73 

«8 

20 

.30 

.» 

.19 

38.68 

38.07 

32.30 

32.87 

XOB 

^"ssSi".»«,™...„; 

■■■" 

38,11 

37,37 

138,808 

36,190 

«,370 

883,013 

■i 

"'1 
:23 

.03 
.40 
.04 

.13 

1 

'.Ot 

.IS 

21 

:o7 

.18 

.22 

33.14 

24.03 

21.18 

33.08 

M.OB 

31.18 

33.78 

>  No  produoUmi  raported  lOr  1001. 


n,s,t,..d:,i.  Google 


GENBBAL  TABLES. 


[tadoluBpBffwitML] 
CHIOAOO  DIBTBTCT. 


Itiim. 

1901 

ttoi 

1004 

IMS 

1906 

Tottlud 

OmmtmanroaoMa 

iu,«ee 

g6,ei7 

28,014 

25,StS 

ioa,m 

3M,M4 

I1B.SB 
.78 

.06 

"1 
1 

.a 

tlS.00 

tl7.4« 

!oo 

'.Hi 

.13 

1 

.13 

'» 

^^^^ISLl^ii^j^wcta^.- 

.:S 

20.44 
1.M 

18.se 
l.U 

U.08 

20.  ST 

^-•^"i." »: 

21.  W 

ZJ.B2 

31.08 

ao.o6 

22.28 

VALLEY  DIBTRICT. 


130,841 

14g.3«S 

160,784 

243, »es 

238.460 

901.420 

tiT.se 

«20.» 

;oj 

.41 

'"■'i 

.39 

,07 
.4S 
.07 
.10 
.08 

.20 

•16.96 
^40 

.14 

'w 

».0» 

.66 
.32 

z 

.28 

.40 
.49 

AddlUoTUl  cost: 

20.92 

24.12 

17.91 

17.31 

18.39 

PITTS  BUROH  DISTRICT. 


^^ 

300. 7SB 

Z»,213 

237,967 

290,360 

301628 

(17.37 
.«6 

1 

.08 
.11 

117. 7S 

:o4 

(16.13 

:o3 

116.70 

!oo 
!o6 

.20 

•17.20 

30 

i 

steam 

.43 

.18 

le 

.s 

.30 
.46 

.33 

:il 

IS.  93 

:4i 

19.81 

20.61 

18.88 

18.00 

,.,.d.i.  Google 


THE  STBBL  INDUSTRY. 


pn  dollan  par  fiaH  tiMLJ 

r  DISTRICT, 


IMm. 

IMl 

19in 

191)4 

1909 

190« 

rotsland 
S  yearn. 

QnaUmatatOaBtd 

MS,  MO 

402,  m 

«7,U0 

«3S.360 

M«,923 

""1 

(IS,  31 

116.37 

:s7 

130 

(14.74 

'.ta 

.23 

tlfl.Z3 

'.a 

.07 
.21 

.30 

.!S 

18.93 
.41 

20.  e§ 

:s5 

:k 

^26 

17.  ea 

:5S 

Additknialmst: 

.41 

19.83 

„.» 

17.M 

19.71 

18.54 

FITTSBURQH  DISTRICT. 


roduDBd 

91,W 

32,B0J 

m,m 

88,023 

w,;4T 

1 

'as 

n7.« 

.69 

1 

io* 
'.ta 

.22 

:?! 

.00 

.20 
.03 

.19 

.20 

:g 

:g 

18.66 

:S1 

17.  U 

■s 

17.91 
.41 

Additional  coat: 

.41 

1S.4B 

ao.23 

17.38 

17.1. 

18.83 

WBEELINQ  DISTRICT. 


171,446 

34S,813 

371.002 

463,711 

809,053 

1,764,024 

117.  C 

I 

.23 
.09 
.24 

1 

.24 

1 

1 

IIS.  19 
.06 

1 

".na 

1 

w 

24 

.42 
.10 

:g 

:& 

17.72 

.30 
.28 

.46 

.41 

39.23 

21.28 

18.20 

18.30 

JO-WI 

.;,  Google 


QENBBAI.  TABLES. 


559 

,  BT  DiSTBlOXS, 


CHICAGO  AND  VALLEY  DISTRICTS.' 


Item. 

1«» 

IWB 

1«W 

.„ 

.„ 

Total  and 
S  Tears. 

OroM  WM  prodded 

M.117 

13,868 

80,607 

«S.Bffi) 

W9.77 
2.21 

118.00 

6a 

S7 

33 

38.M 

26.  S5 

20-W 

Addition^  coitt                                       i 

Total  book  cost 

28.  g? 

1 

PITTSBURGH  DISTRICT. 


IIU.036 

1U,2S» 

m,m 

220,453 

235.2.1 

(22.82 

:oB 

^05 

tI8.45 

:o5 

iu 

!04 

04 
46 

34 

'.»] 

26.16 

is? 

■     20.43 

20.37 

23.  OS 

:32 

AddltianaL  cost: 

.67 

2«.ra 

21.14 

21.06 

,  23.92 

„.^i  ..,„ 

16,480 

40,122 

m- 

1GS,201 

'.2i 

;4s 

.06 
.22 
.03 

.27 

(22.39 

1 

86 

3S 

20 
01 
24 

08 
60 

.34 

Mi?Lf  Uanoous  and  g^iiial  Borks"  ^nae. . 

.48 

28-47 

31.31 

24.  SO 

26.27 

3S.02 

.18 

31. « 

24.50 

».2J 

I  No'troduoUon  reported  to 


r7232°— 13— 38 


n,s,t,..d:,i.  Google 
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Table  XVI. — Avbraqb  Book  Coar  or  Heatt  Railb-,  bt  Dibtriots, 
[Id  dolluspagroraton.] 
CHICAGO  AND  WESTERN  DISTRICT. 


Ittm. 

,» 

,„ 

.„. 

.„ 

,» 

TanlsTid 

OnaatMUDroduced 

SI1,S66 

801,882 

fllB,S33 

B18,CB« 

890,684 

4.071, m 

'I 

«S58 

'.X 
.OB 

"■:S 

!os 
.11 

.09 

!os 

.SO 

■  oa 

.28 

21 

20 

i».» 

30.98 

i!oa 

IB.  17 

IB.  91 

2M9 

i!o3 

Oeoerarand  mlsMllBaBOUS  expense. . . 

■  BS 

•>••' 

23,48 

Zl,22 

20.88 

22.  BO 

06,288 

1«,203 

291,018 

J11,06J 

633,832 

1  674 

tl8.07 
2.37 

:22 

121.83 
1.2S 

"1 

:o7 

»18.6J 

;i2 

.39 
.26 

:o9 

.39 

(18,78 

1 

1 

2B 

43 

23.01 

27.15 
1.30 

23. « 

21.39 
.62 

21.13 

.., 

2S.12 

28.69 

24.07 

22.03 

22.39 

VALLEY  DISTRICT.' 


311, 47B 

319, «B9 

160,789 

249.793 

1.014.717 

117,44 
1.08 
.06 

:i7 

!08 

'"1 

lias 

116.67 

'.OS 
.29 

:i7 

.08 

.29 

Miscellaneous  and  geneWd  worio'  ei^ense. . 

20.01 

!s2 

21.68 

18.36 
.32 

i8.n 

.43 

"■sa-s-,*—,.^... 

J0.B8 

22.87 

18.93 

19.66 

I  No  production  repwled  for  1B04. 


n,s,t,..d:,i.  Google 


GENERAL  lASLBS. 


561 

D18TEICT8,    1902- 


PITT8BUR0H  DiaTBICT. 


■„. 

,» 

IMS 

!«. 

190S 

1«. 

Total  and 

toduced 

709.  «7S 

7J3,S78 

M8,68S 

7ir,314 

782,  M9 

34S2  102 

'.aa 

.28 
'.2» 

i.w 

1 

.36 

117.78 

MaterlBls  In  repalra  and  nuUnteiuuiOB 

.18 

.34 

18,48 

19,28 

17.84 

:33 

18,11 

19.93 

Additional  cost: 

General  and  miscellaneous  expense 

.48 

lfl.« 

2D.J2 

18.73 

13.71 

20.94 

EASTERN  DISTRICT. 


701.793 

710,  on 

458. 448 

852,699 

7M.272 

!40 

:43 

:33 

l!42 

:i5 
:i3 

"1 

:i6 

'14 

.31 

.38 

,38 

,4i 

.39 

24,30 
.39 

*^^to!^'^  misoeltoQeouB  expense. . . . 

.33 

2S.03 

26,78 

21,35 

23,21 

2S.55 

SOUTHERN  DISTRICT. 


DTOduced 

3,S98 

39,038 

124,468 

163.  «3 

158.160 

48-146 

t20.5£ 
4,88 
.16 

!06 
1-33 

1 

is 

,1 
.79 

,1 

2:02 

'.m 

122,23 

»21,02 

,83 

UlsceUaneous  Bod  general « 

ork.  expense.. 

,43 

28,98 

30.22 

24,01 

24,38 

28.58 

38.98 

30.2! 

24.01 

24,38 

27,37 

n,s,t,..d:,i.  Google 


562  THE  8TEBL  INDUSIBT. 

Tasle  XVII.— AteJiaob  Cost  or  Lake  Oeb  at  Lowsa  Lake  Pobtb,  ExcLinuiie  ' 
PBonra  on  iNrEBcoKTANr  Rotalitt,  All,  Labqe,  and  Small  Companies,  i 
1902-1906. 

[In  doOui  pa  graa  ten.) 

ALL  COUPANIEB. 


,^ 

1002 

um 

im 

1901 

19W 

Tate]«Dd 

ITS; 

OioatMuptodiicod 

u.gn.EOi 

i9,«ifi,on 

IS,  822,881 

14,819,  Ut 

18,4»l,Stt 

lOMMTS 

tO.S3 

:i2 

"1 

;1 

1 

.08 

:2i 

1 

'.X 

.U 

'.M 

'.w 

.80 

•i 

1 

l.OS 

.TS 

.18 

lis 

3.42 
.18 

■:S 

1.47 
.14 

Tow  oost  at  lover  Lake 

..» 

z,. 

2.(U 

3.4B 

... 

pons 

LABQE  COMPANIES. 


QnutoDapradnmd 

Ui.973,B» 

1S,S7S,817 

10,874,888 

u,»7J.04a 

22,GM,111 

84,gKI,»4> 

JO.  SB 

:o2 

IO.il 

:o2 
:24 

:oi 

.09 

10.  n 
:o2 

.02 

JO.M 

:aa 

.02 
.10 

.as 

1.12 

.W 

.76 

:bo 

l.Ot 

:7o 

.ee 

.70 
.73 

:78 

:i8 

2.62 

"iS 

:ii 

1.48 

.W 

Total  out  BllowsilAke 

^,. 

..„ 

2.(3 

^» 

>.. 

pona 

SHALL  COMPANIES. 


Gioos  tons  produced 

»,S0S,«O2 

8,930,644 

3,048,638 

4,gM,S84 

6.W7,720 

21,847,  m 

t0.5S 

!03 
.06 

10.62 

:o5 

.04 

10.46 
.20 

!x3 

10.40 

1 

.28 

1 

!21 

.{« 

1.M 
.SS 

1.06 

.00 

L04 

;7o 

.90 

1.09 

2.3S 

1.47 

2.82 

1.28 

1.41 
.00 

ToUlmst  at  lower  Lake 
po 

2,80 

iBl 

2.48 

3.40 

2.  GO 

,.,.d.i.  Google 


QBKBEU.  CABLES. 


(In  doUaiB  per  net  ton.] 
OONNELLSVILLE  BEEHIVE  C 


Item. 

1903 

IMS 

■«. 

IWS 

!». 

Total  and 
average, 

B.»2I,3T» 

9,824,376 

8,M».50T 

11,8M,S71 

.12,843,114 

(1.00 

:oi 

11.08 

!oo 

.09 

tO.88 

!oe 

.08 
.18 

'.73 

ta.»8 

1 

1.18 

!03 

'■% 

'.W 

1.4S 

.(W 

l.*i 

'" 

1.84 

1.44 

J.  43 

POCAHONTAS  BEEHIVE  COKE. 


4TS,oe« 

488, 0» 

T«0,64» 

l,M0,ft44 

1,233,011 

4,170,3»e 

ti.u 
:io 

11.34 

:o» 

:o8 

11.26 

:o7 

SI.  80 

1.62 

1.S2 

1.98 

l.TO 

1.83 

29,310 

224,™ 

31S,a09 

£14,040 

1.084,290 

to.  60 

;o8 

.04 

!os 

*"■!? 

"1 

';^ 

.06 

:^ 

':" 

.43 

i.f* 

.22 

LM 

i:28 

!;^ 

!:S 

2.42 

3.13 

3.00 

'■•' 

4.U 

1  No  produoUcn  lepoclad  lot  ItOl. 


n,s,t,..d:,i.  Google 
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Tablb  XIX. — Atbraoe  Cost  of  Bbbseksb   Pio  Iron,  Excluding  Tbanspie 
PaowTs,  Au.,  Larob,  and  Small  Companies,  1902-1906, 

[la  doltua  per  groBa  ton.] 
ALL  COUPA^aES. 


lUm. 

1903 

im 

1904 

1«HI 

1906 

Total  ud 

Gtosa  tons  prodnced 

S,(B7,Sei) 

7,83g.Ml 

7,2S«,49g 

10,117,439 

11,271,303 

14,311.S0 

.13 
.S5 

.16 
.14 

1 

:S 

:o3 

IS.  34 

3.  OS 

Ito 

16.91 

^43 

.87 

.3£ 
.30 

.03 

ta.os 

.11 

.33 
.19 

»w 

Ibterlsls  In  repairs  and  mafnte- 

IS 

.S6 
.60 

-g 

11.38 

11.  on 

.14 
.38 

11.  SO 

11.38 

12.  M 

Ii«l 

ILOS 

1131 

LAKQE  COUPANIES. 


SMALL  COMPANIES. 


Orom  tona  produced 

7,593.240 

7,14«,664 

S,S9I.1D9 

9,188,979 

ia,2S3,3S8 

40,873,  ffiO 

W.17 
2. 99 

!is 

:os 

W.01 

[so 

:i3 

.03 

W.27 

:ii 

.3E 

*S.31 

'.ta 
lio 

'.<B 

'1 

:S 

:i9 

»-ffl 

Materials  In  lepabs  and  malnte- 

13 

.38 

.SI 

.US 

.37 

1L17 

Genaral  and  mteellaoeouE  ei- 

40 

13.19 

13.23 

11.89 

11.37 

12.04 

arosstonaproducBd 

444,629 

481,877 

585,389 

938,450 

1,01S,136 

1 

loB 
:28 

.SO 

.00 
.IS 

.48 
.08 

1 

t8.gg 
4.12 

'.in 

.08 

:34 

•If 

:o6 

UaterUh  in  re^^  and  mabi't^ 

13.41 

15.51 

I3.U 

13.48 

14.80 

AddillonalcCBt; 

aeneral  and  mlsatUBmoiu  ei. 

.OJ 

.10 

.10 

13.46 

15.51 

13.30 

13.58 

14.99 

A'OO^IC 


GENERAL   TABLES. 


[In  dollan  par  groas  ton.] 
ALL  COMPANIES. 


Ilam. 

1«02 

» 

■™ 

.» 

.„ 

Total  and 

tons     oducea 

1,020.054 

9*6,  «H 

1,5W,071 

2,«»7.326 

2,958.332 

:i3 
1 

2.7* 
.ID 

'.lb 

:o2 

ta.w 

1 
1 

to.  49 
2.8Z 

'.m 

.OB 
.10 

I 

.60 

'.OS 

.30 

.03 

11. OE 

.3i 

.32 

.38 

.21 

11.  BD 

.26 
.39 

.27 

11.  M 

13.  SO 

11.04 

,..« 

13.14 

LARGE  COMPANIES, 


W»,03a 

8«8,I90 

1,482,104 

8,427,257 

3,739,909 

8  486  493 

te.s7 

2,34 

:i3 
:i3 

1:S 

.28 

'.fa 

ts.ge 

2.37 

:i7 

"1 
:i8 

te.67 
2.97 

1 

!90 

10.99 

n.ii 

.38 

10.  W 

10.93 

11.38 
'.2» 

Additional  ooat: 

.38 

11.62 

11.88 

11,80 

11.33 

n.90 

SUALL  COUPANIES. 


ri,023 

98,7ia 

108,987 

200.069 

218,423 

16.31 
3.48 
.68 

■i 

'.w 

.09 

I8.« 

:39 

.40 

t«.18 

:3o 

.27 

"1 
:3o 

»7.4S 

!«3 
.80 
.30 

'.W 

.34 

11.81 

14,88 

12.05 
,26 

13,28 

14.04 
:40 

Additional  cost: 

11.81 

15.17 

13.30 

W.44 

IS.  23 

n,s,t,..d:,i.  Google 
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lUm. 

1D09 

itos 

1^ 

1B06 

i«oe 

Total  and 
«v«i«e, 

Qnotonspnxluced 

»,06T,WJ 

8,£eS,2U 

g,MS,MB 

12,744,7U 

U,  229,725 

53,*73.11i 

'.u 

w.u 

3.  as 
.a 

.M 

:i3 

te-13 

.26 

!o3 

SB.  03 
!*3 

.6a 

.08 

.ZS 
.IB 
.03 

.63 

iio 

.23 

.ao 

.03 

llat«rials  in  rapulis  aod  moinM- 

MlscBllttneous  and  general  works 

.« 

.47 

11.U 

^23 

11.07 

.23 

.20 

.13 

.a 

Additional  coat- 

aeueral  and  miscellaneous  ex- 

.37 

12.19 

ia.4i 

U.94 

11.  M 

12.28 

LA  ROE  COMFANIEB. 


Qrootonsprodoced 

s  s«,rra 

8,OM,S54 

8,173,213 

1I.8W.238 

12,003.187 

49.M»,741 

I8.2S 

:») 
:i3 

.21 

:o3 

36.09 
:78 

:i2 

.27 

16. « 

:6« 

iio 

.28 
!03 

;6i 

.07 

.26 
ioB 

18-07 
3.38 

:» 

,07 

:io 

,19 
.03 

HateclBb  In  repaln  and  malnte- 

.37 
.60 

11. » 

.60 
.40 

:S 

:i? 

:S 

12.13 

U.I9 

11.84 

11,  S7 

U.01 

SUALL  COllFANIES. 


SU,6Sl 

SS0.3S9 

872,3« 

1.128,510 

1,236,668 

4,133.473 

:l 

:26 

ioi 

:oi 

)8.3S 
4.11 

.51 

:oi 

$7.  SO 
4.B2 

,-.s 

.OB 

.06 

.25 

"S" " "'"'"  ""*  '"""- 

13.  IB 

15.40 

.06 

.02 

.03 

Additloniloosl: 

.04 

13.23 

1S,4S 

13.14 

13,56 

U.CS 

■,i.  Co  Ogle 


GEKBBAL  TABLES. 


(In  doUan  par  gnm  Hn.| 
ALL  COMPANIES. 


Itom. 

^ 

.«. 

». 

I^ 

1^ 

Total  SDd 
6  years. 

Orosi  tons  iBTj*irad 

S,  187,773 

*,728,114 

S.021,8T7 

fl,  984,  488 

7,J77,M1 

»,0M,TS3 

.02 
.88 

:i2 

ioe 

112-28 

1 
1 

tl2.02 

28 

S 

.H 

13 

.71 

15.30 

R32 

.£8 

.17 

13. 7B 
!33 

U.S1 

Addltkiual  cost: 

IS.  SI 

IS.  17 

14.43 

15.47 

E  COKF ANTES. 


aroBJtonsproduc-i 

6,«>«.«8 

4,SJ8,09» 

4,774.200 

8,  MS,  BIS 

0,850,407 

27,510,174 

113.00 
.01 

1 

!io 

.14 

•13.11 

(12,  OS 

!4s 

.18 

!(H 
,10 

02 
OS 

48 
18 

2S 

20 

glf^^X^""""^"™" 

?S 

.13 

.14 

.13 

13 

14.93 

15.03 

.SB 
.48 

.61 

13.  so 

14.10 

Additional  c«t: 

1S.18 

14.22 

SMALL  COMPANIES. 


231,280 

190,043 

247  S87 

3M.S13 

521.184 

J14.77 

1 

.00 

118.90 
.40 

:2o 

'.a 

.13 

»1S.1S 

!«o 

.38 

!oe 

tlS.63 
:35 

:o7 

:48 

:i2 

18 

Mocellaneaiu  and  genetal  works  ei- 

19.38 
.01 

21.  TS 

17.  S2 

17.72 

10.  n 

.04 

.03 

.(B 

.01 

10.41 

21.83 

17.  SS 

17.74 

19.78 

.A'Oo^lc 


568 

Tablb  XXIII - 


THE  STEEL  IKDUBTBT. 


[In  doIlaiB  per  gnaa  ton.] 


lum. 

,«■ 

IMS 

,». 

.«. 

.^ 

TDUland 

GroaaloiuprodmBd 

3,(W7,S82 

1,972,835 

2,271.532 

3,3S1,2S3 

3,888,968 

1B,49S,I10 

«2.*S 

112.03 
'.01 

.13 

1 

.IT 

tl2.S0 

1 

;1 

.10 

UtMnieis  In  pep«ini  and  mattte- 

14.36 

,67 

14.  gs 
.ss 

.n 

M.3B 

IS.  13 

1S.87 

18.  M 

...., 

"«■ 

18.22 

Table  XXIV. — AveaAOE  Cost  op  Large  Bebbbubr  Billets,  Excluding  Transfib 

Profits,  All,  Large,  and  Shall  Companies,  1902-1906. 

[In  dollars  per  gma  ton.) 

ALL  COlfPANIES. 


IMm. 

1M2 

19M 

1904 

1906 

190B 

Total  Md 
averse*, 

Grow  tons  pioduced 

3,331,755 

2.898,231 

2,993,918 

4,014,470 

4,212,015 

17,161,38) 

■"1 

ioe 

"1 
:o3 

(14.78 
.48 

!03 

.18 

(15,  61 

:o3 

.IB 

Ustediils   In  lepaiis  aitd   maiute- 

17 

1^ 

17.13 
.88 

17.69 
^48 

18.73 

.72 

1S.9S 

M 

18.64 

18.74 

17.73 

18.79 

18.07 

n,s,t,..d:,i.  Google 


GENERAL  TABLES.  669 

Tabls  XXIV. — Atkraob  Cost  or  Laboe  BEsaEHER  Billets,  Exclddino  Trahsfbb 
pROWTS,  All,  Laboe,  and  Small  Companies,  1902-190(5— Continued. 

LARGE  COUPANIES. 


Item. 

1W2 

1903 

1904 

1905 

1906 

Total  Md 

Otamtima     odu«d 

3,m,68fl 

2,419,«31 

2.759,993 

3,M2,5S7 

3,77S,i7S 

is,  723, 27a 

.09 

;S 

.20 

.oe 

1 

.17 

1 
.14 

1 

iOE 
.13 

1 

:os 

.17 

:i? 

.71 

.78 

1S.G3 
.47 

"■» 

AddilkitiBl  MOt; 

...„ 

18.28 

17.M 

ia.45 

17.tg 

BUALL  COMPANIES. 


GroMMns  produced 

2JO,166 

iso.3e 

1 

.09 
.00 

1 

.09 

234, 02S 
.H 

381, 

S33 

^ 

- 

1,429,11* 
~     $20.00 

as 

i 

Tl 
IS 

:o3 

.23 

n 

;o2 

24.87 

20,09 

30.19 

22.34 

21.  OB 

"•SS,"Si-.,-™™„. 

.04 

.04 

.02 

.02 

.03 

21.80 

25.01 

20.13 

21.69 

|ln  doll 

m  per  gross 

ton.] 

lUm. 

,«, 

,« 

1904 

igos 

™ 

Total  and 

Qroa  torn  produoed 

3,085,7M 

2,136,403 

l.S24,e90 

2,306,869 

2,566,702 

10,618,799- 

»14.51 

,73 

.30 

.13 
.19 

:o9 

"■1 

'.U 

.38 

(16.03 

1 

.33 

*1 

(16.06 

.16 
.33- 

i!oe 

17,  so 

.83 
.68 

.91 

17.30 

17,7* 
;78 

.«a 

18.72 

19.11 

19.31 

18.06 

19.04 

18.80 

■A'Oo^lc 


n,s,t,..d:,i.  Google 
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